Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



CHEM. LIB. 



':) 



DETERMINATIVE MINERALOGY 



WITH TABLES 



FOR THE DETERMINATION OF MINERALS BY MEANS OF 
THEIR CHEMICAL AND PHYSICAL CHARACTERS 



BY 

J. VOLNEY LEWIS 

Professor of Geology and Mineralogy in Rutgers College 



I FIRST EDITION 



FIRST THOUSAND 



NEW YORK 

JOHN WILEY & SONS 

London: CHAPMAN & HALL, Limited 

1913 



Copyright, 1912 

BY 

J. VOLNEY LEWIS 



THE SCIENTIFIC PRESS 

ROBERT DRUMMONO AND COMPANY 

BROOKLYN, N. Y. 



o 



PREFACE 



Tffls book has been prepared primarily for the use of stu- 
dents in determinative mineralogy, but it has also been made 
sufficiently inclusive to meet the demands of the geologist 
and the mining engineer in all but the rarest cases. The 
accompanying tables include 380 minerals, or from 100 to 
150 more than are fully described in the current textbooks. 
Besides the more common minerals and those of economic 
value as ores or otherwise, many of the less common and 
even rarer species have also been included. Some idea of 
relative importance is suggested by the sizes of type in which 
the names are printed. Those that have been omitted are 
very rare and, from a practical point of view, of little present 
importance. 

Chemical composition is considered to be the most funda- 
mental property of a mineral; and many species, particularly 
among the ores, cannot be determined with certainty except 
by means of chemical tests. The diagnostic value of physical 
characters in many cases is fully recognized, however, and 
half the space of the tables is devoted to a statement of these 
properties. A special table has also been appended in which 
the minerals are arranged according to crystallization, luster, 
and hardness. The plan of the Brush-Penfield tables has 
been followed, in the main, but with considerable modification 
and rearrangement and with much condensation. Chemical 
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iv PREFACE 

formulas and the descriptions of physical properties have 
been thoroughly revised and several new species have been 
added. In order to simplify the procedure and facilitate 
the use of the tables, the more difficult and elaborate chemical 
tests have been avoided; and blowpipe or " dry '' tests have 
been preferred, in general, to those made in the " wet '' way. 

It is intended that the tables should not only furnish a 
name by which an unknown mineral may be called, but should 
also lead the student to acquire for himself a knowledge of 
what the mineral really is, both chemically and physically. 
The constant use of a good treatise on descriptive mineralogy 
to supplement the tables, while not absolutely required, is 
recommended, especially for the student. In order to facilitate 
such use, page references to Dana's " System of Mineralogy '* 
(6th edition) and to Dana's "Textbook of Mineralogy" (new 
edition) are inserted after the name of each mineral. These 
works are designated respectively by the initials " S " and " T." 

I am greatly indebted to Dr. Henry S. Washington for 

valuable criticism and for his kindness in reading the proofs 

in my absence. Mr. W. S. Valiant, of the Geological Museum 

of Rutgers College, has also rendered important assistance in 

correcting the manuscript. 

J. VoLNEY Lewis. 

New Brunswick, N. J., 
June 20, 1912. 
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DETERMINATIVE MINERALOGY 



APPARATUS 

Bhyypipe. The ordinary brass jeweler's blowpipe, 10 or 
12 inches long, serves very well. The more expensive instru- 
ment with a platinum tip is more durable. In either case it 
is essential that the tip shall be perforated with a very small, 
smooth hole. 

Lamp, (a) The ordinary Bunsen gas burner (Fig. 10), 
with a tube to be inserted for blowpiping (Figs. 2-6). The 
tube is flattened to a narrow slit at the top and cut off slanting, 
with or without projecting points to form a rest for the blow- 
pipe tip. (6) A lamp to use olive oil or other vegetable oil, 
or (c) one using tallow, paraffin, or other solid fuel. The last 
is most convenient for portable use. It is lighted with a 
match and the flame is then blown steeply downward for a 
few seconds in order to melt some of the fuel next to the wick. 
The heat of the flame then keeps it going, (d) Ordinary 
candles (preferably large and of tallow) serve very well. In 
heating a test tube with a luminous flame the tube should 
be held entirely above the luminous part, in order to avoid 
blackening it with a deposit of soot; or an alcohol lamp may 
be provided for this purpose where gas is not obtainable. 

Forceps. For most purposes plain iron forceps, 4 or 6 
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inches long and filed down to small points, can be used. Those 
with platinum points are better but expensive. 

Charcoal, Best from soft wood (willow, pine, etc.). Con- 
venient sizes, about |XlX4 inches, may be purchased. Used 
as a support in many operations with the blowpipe (Figs. 5, 6), 
and in making reductions the carbon assists the flame. 

Platinum Wire. A thin wire (24 or 25 B. & S. gage, 0.4 
or 0.5 mm. diameter) about 3 inches long and sealed in a 
small glass tube for a handle (Fig. 9). Most used with a 
circular loop, | inch (3 mm.) in diameter, at the end to hold 
a bead of borax, s.ph., or other flux. 

Open and Closed Tubes, To be made of *' combustion'' 
tubing about yb ii^ch internal diameter. For open tubes cut 
with a file into 4-inch lengths and use either straight, or better, 
with a bend near one end (Fig. 8), which may be made by 
heating until the glass is soft. For closed tubes (Fig. 7), cut 
into 5- or 6-inch lengths, heat the middle in the Bunsen flame 
or blast lamp, turning slowly in order to heat all sides alike; 
when soft pull quickly apart. Hold the tapering part of each 
tube thus formed in the flame and pull away the slender glass 
tip. 

Hammer. Any small hammer will serve. For the special 
hammer, a wire handle is best. 

Anvil, Any smooth flat block of iron or steel. The flat 
side of a hammer is good. 

j Magnet, A magnetized knife blade or chisel or a small 
horse-shoe magnet. 

Blu£ and Green Glass, Two pieces of each, 2 or 3 inches 
square, for observing flame colors. 

Test Tubes, Good sizes are 4X| and 5Xf inches. 

Test Tube Holder, Of brass wire or wood best — for holding 
hot tubes. 

Streak Plate, Unglazed porcelain; a convenient size is 
1^X3 inches. 
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In addition to the above the following articles will be 
found convenient in the laboratory. For portable outfits 
they may be dispensed with. 

Watch Glasses. Shallow, 2 inches in diameter. 

Test Tube Support. Wood, with several holes larger than 
the tubes. Easily made. 

Agate Mortar, IJ inches diameter or larger, with agate 
pestle. 

Diamond Mortar, Of steel; two-piece form is best. Useful 
when only small particles of a mineral are obtainable. 

GUiss Funnel, Two inches in diameter or larger. 

Filter Paper, Round and twice the diameter of the funnel. 

Charcoal Brush, For removing sublimates from charcoal 
an old toothbrush or any stiff brush may be used; or they 
may be scraped off with a knife. 

Gypsum Tablets. Thin paste of plaster of Paris is spread 
about i inch thick on a sheet of glass that has been slightly 
oiled. While still soft cut the paste with a knife into rect- 
angles about 1^X4 inches. These are readily removed after 
the plaster hardens. Used for support, like charcoal, and 
show some sublimates better. 

Porcelain Crucible, With support. Sometimes useful for 
burning a filter paper. 



REAGENTS 

To be used dry: 

Sodium Carbonate, or soda, Na2C03; or sodium bicarbonate, 
common baking soda, NaHCOg. 

Sodium Tetraborate, or borax, Na2B407 • IOH2O. 

Sodium Ammonium Phosphate, also called "phosphorus 
salt" and "microcosmic salt," HNaNH4P04 • 4H2O. Loses 
NH4OH and 4H2O on heating, becoming sodium m^etaphos- 
phate (NaPOa, abbreviated s.ph.). 

Test Papers, small strips of blue and red litmus paper and 
yellow turmeric paper. 

Potassium Bisulphaie, KHSO4. 

'^Boric Add Flux,'' 1 part finely powered fluorite (CaF2) 
with 4 parts potassium bisulphate (KHSO4). 

'^Bismuth Flux,'' 1 part potassium iodide (KI), 2 parts 
sulphur (S), and 1 part potassium bisulphate (KHSO4). 

Tin, foil or granulated. Scraps of tin cans or other tin 
plate will serve. 

Occasional use will also be found for the following: 
Zinc, granulated or scraps of sheet zinc. 
Galena, PbS, powdered. 
Gypsum, CaS04 -21120, powdered. 

To be used in Uquid form: 

Water, H2O, distilled or rain water is best; for most pur- 
poses any clear water that is not " hard " will serve^ 

Hydrochloric Add, HCl (*^ muriatic acid"), for most pur- 
poses diluted with an equal quantity of water. 

4 



REAGENTS 5 

The acids named below are more dangerous to handle and 

less useful than hydrochloric: 

Nitric Acid, HNO3 ("aqua fortis")- 

Aqua Regia, 3 parts hydrochloric and 1 part nitric acid. 

Sulphuric Add, H2SO4 (" oil of vitriol ")• Ii^ diluting add 
the acid very slowly to water. 

Ammonium Hydroxide, or ammonia, NH4OH. 

Potassium Hydroxide, KOH ("caustic potash"). Best 
kept as sticks broken to short bits and placed in a well-stop- 
pered bottle — to be dissolved in a little water as needed. 

Ammonium Molybdate, (NH4)2Mo04. Dissolve the crys- 
tals in water that has been made alkaline with ammonia. 
For use acidify a little in a test tube with HNO3; the ppt. 
that forms is quickly cleared up by further addition of acid. 

Cobalt Nitrate, Co(N03)2. Dissolve the crystals in 10 
parts of water. 

Ammonium Carbonate, (NH4)2C03. Dissolve in water as 
needed. 

Ammonium Oxalate, (NH4)2C204 -21120. Dissolve in 
water as needed. 

Sodium Phosphate, Na2HP04. Dissolve in water. 

Barium Chloride, BaCl2. Dissolve in water. 

Silver Nitrate, AgN03. Dissolve in water and keep in a 
bottle well wrapped with opaque paper. 

Potassium Ferrocyanide, K4Fe(CN)6 -31120. Dissolve in 
water. 

Potassium Ferricyanide, K6Fe2(CN)i2. Dissolve a little at 
a time in water as needed. The solution does not keep well. 
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BLOWPIPE OPERATIONS AND CHEMICAL TESTS 

1. Blast. The blast of the blowpipe should not be blown 
from the lungs and should not interfere with regular breathing. 
Distend the cheeks fully and, while breathing through the 
nose, allow the air to escape from the mouth through the 
blowpipe without making any effort to blow. Before the 
supply is exhausted distend the cheeks again from the lungs. 
In this way the blast may be continued for several minutes, 
when necessary, without fatigue. If the blowpipe tip is in 
good condition the flame will be smooth, steady, and silent 
(Fig. 2-6). 

2. Flames. A candle flame or luminous gas flame consists 
of 3 concentric parts (Fig. 1) : (a) an inner cone of unburned 
gases; (b) a luminous mantle full of glowing particles of carbon, 
where carbon monoxide (CO) and water (H2O) are forming 
by combustion; (c) a hot, non-luminous mantle of the products 
of complete combustion, carbon dioxide (CO2) and water 
(H2O) mingling with the surrounding air, and hence with an 
excess of oxygen. Hot fuel is in excess in (6), hence it is 
reducing in its action; the excess of oxygen makes (c) oxidizing. 
A non-luminous Bunsen or alcohol flame differs only in lacking 
the incandescent carbon in (6). 

In determinative mineralogy these flames are often directed 
laterally or inclined downward by the use of the blowpipe. 
For oxidizing effects the tip should be inserted slightly into 
the flame, as in Fig. 2, thereby mixing more oxygen with the 

6 




BLOWPIPE OPERATIONS AND CHEMICAL TESTS 7 

gases at the base. The best reducing effect is obtained by 
withdrawing the tip a little from the flame and blowii^ very 
gently (Fig. 3). The flame should not be sooty, but a little 
luminous carbon should extend down the whole length of it. 



Fio. 1. Fill. 2. 

Fia. 1. — Candle flame: (o) Unbumed gasea; (6) buminR gasea, 
forming HaO, CO, and luminoua C; (c) hot combustion products, HjO, 
COt, and O from Burromiding air. ' 

Fig. 2. — Blowpipe flame: (b) Int«nee heat and slightly reducing; 
(c) and beyond, oxidizii^ flame (o.C). 

3. Ignition: Fusion. The hottest flame is entirely non- 
luminous and the hottest part of it is just beyond the tip of 
the blue. The fusibility of a mineral is tested by strongly 
heatii^ at this point an elongated fragment not more than 
1.5 mm. (-^ of an inch) in thickness; that is, no thicker than 
the " lead " of an ordinary pencil. This is held in the forceps 
so that it projects into the flame (Fig. 4). The mineral may 
fuse quietly, or with intumescence (bubbling and swelling up), 
or with exfoliation (splitting into leaves or flakes). The result 
may be a bead of colored or colorless glass, clear or filled with 
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bubbles; or it may be a white, opaque enamel. If infusible 
the mineral may remain unchanged, or it may change color, 



^^ 



Fig. 3, — Blow|)ipe flame: (b) Strong reducing flame (r.f.), with 
more gas than used in o.f . and gentle blast , 



J. 4. — Testing fusibility, showing majdmum siae ot fragment, 
T of holding it, and position in the flame. 



or oecome opaque, etc. All of these properties should be 
carefully noted. 

The test of fusibility may be interfered with by decrepita- 
tion — the violent breaking away of particles with little crackling 
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explosions owing to sudden unequal heating or to the expansion 
of minute inclusions of water or liquid carbon dioxide. By 
first heating the mineral very gradually and gently in the 
ordinary flame this difficulty may sometimes be avoided; 
otherwise heat a few fragments in a closed tube until decrepita- 
tion ceases and select a fragment of suitable size if such re- 
mains. When this fails make a thin paste of the finely pow- 
dered mineral with water, spread a little of this on charcoal 
and heat, at first very gently, then intensely. The crust thus 
formed can be taken up carefully in the forceps and tested for 
fusibility. 

4. Scale of Fusibility. The degree of fusibility of minerals 
is indicated by numbers referring to the following scale. Min- 
erals named in parentheses have about the same fusibility as 
the standard. Comparison should be made on fragments of 
about the same size. Penfield recommends a standard size 
of about 1.5 mm. in diameter, as explained above. With the 
more diSicultly fusible minerals, however, a much smaller 
fragment with a very thin edge or fine point should be tested 
before deciding that it is infusible. 



SCALE OF FUSIBILITY 

(Penfield's modification of von Kobell's scale) 

1. Stibnite, Sb2S3. Fragments larger than standard size fuse 

easily in a luminous flame; fuses easily in closed tube 
below red heat. (Realgar, orpiment, sulphur.) 

2. Chalcopyrite, CuFeS2. Standard size fragment fuses in 

luminous flame; small fragment fuses in closed tube at 
red heat. (Galena, arsenopyrite, apophyllite.) 
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10 DETERMINATIVE MINERALOGY 

3. Almandite (Garnet), Fe3Al2(Si04)3. Standard fragment 

fuses readily to globule with blowpipe; only thinnest edges 
rounded in luminous flame. (Malachite, wernerite, stil- 
bite.) 

4. Actinolitej Ca(Mg,Fe)3(Si03)4. Edges easily rounded on 

standard fragment; fine splinter fuses easily to globule. 
(Tremolite, woUastonite, barite.) 

5. Orthoclase, KAlSi308. Edges of standard fragment rounded 

with diflSculty ; only finest splinters fuse to globule. (Spha- 
lerite, biotite, scheelite.) 

6. Bronzite, (Mg,Fe)Si03. Only finest points and thinnest 

edges can be rounded at all. (Enstatite, calamine, 
serpentine.) 

6. Flame Color. On ignition in the forceps, and some- 
times also on the charcoal, a distinct color may be imparted 
to the flame by the volatilization of a minute quantity of the 
mineral. The color is seen best against a dark background, 
such as a piece of charcoal or a book cover, or in a dark room. 
It is often more distinct when a trace of the fine powder is 
introduced into the flame with a clean platinum wire. (To 
clean the wire, heat it in the flame or boil in concentrated 
acid, if necessary, until it ceases to give a color to the flame.) ^ 
The dry wire is dipped into the powder and then held in the 
flame. If the wire is first moistened with water a larger 
quantity of the powder will adhere and in some cases a better 
color is obtained. Dilute hydrochloric acid instead of water 
is sometimes an advantage. 
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FLAME COLORS 
(For abbreviations, Bee page 60) 



Color. 


Shade. 


Element. 


Remarks. 


YeUow 


Intense 


Na 


Must be intense and persistent to 

indicate Na 
Invisible through dark blue glass 


Red 


Yelh. to orange 


Ca 


Often improved by moistening with 

HCl 
Green through green glass 


Red 


Crimson 


Sr 


Alkaline after ignition; so is Ca, but 

not Li 
Faint yellow through green glass 


Red 


Crimson 


Li 


Not alkaline after ignition; compare 

Sr 
Invisible through green glass 


Green 


Yellowish 


Ba 


Alkaline after ignition 


Green 


Yelh., pale 


Mo 


Not alkaline after ignition 


Green 


Bright, some- 
what yelh. 


B 


Rarely alkaUne after ignition. Test 
with turmeric paper and HCl sol. 
decisive 


Green 


Emerald 


CuO,Cul 


Blue, tinged with green, if moistened 
with HCl 


Green 


Pale 


Te,Sb,Pb 




Green 


Pale bluish 


P 


Often improved by moistening with 
cone. H2SO4 


Green 


Bluish 


> 


Usually streaks in outer part of 
fla,ine 


Blue 


Greenish 


P,Sb 




Blue 


Azure 


CuCl2 


Outer parts tinged emerald-green 


Blue 


Azure 


Se 


With characteristic radish-like odor 


Blue 


Pale azure 


Pb 


Green tinge in outer part of flame 


Blue 


Pale 


As 




Violet 


Pale 


K 


Purplish red through blue glass 
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6. On Charcoal. The length of the coal should be held 
in line with the flame, in order to catch any sublimate that 
may form; it should be also tilted toward the flame (Fig. 5). 
First bum a small spot on the coal with the oxidizing flame 
and note the color and appearance of the ash, in order to avoid 
confusing it with sublimates when making tests, 

A slight depression is cut in the charcoal near one end and 
3 or 4 grains of the mineral (not larger than pin heads), or a 
corresponding amount of fine powder, placed in it. In general 
a gentle oxidizing flame is blown first (Fig. 6), but only for 
a few seconds, not allowing the blue flame to touch the min- 
eral. Any decrepitation or deflagration (flashing like gun- 
powder) is noted. Odors should be sought the moment the 
heat is stopped, and any change in color, formation of sublimate, 
metal globules, or magnetic particles, observed. The oxidizing 
flame is then repeated with greater intensity until reaction 
ceases. A similar method is followed with the reducing flame 
(Fig. 5), and in many cases the reaction is facilitated by fusing 
the powered mineral with three times its volume of soda, or 
a mixture of soda and borax, or of soda and powdered charcoal. 



Fig. 5. — ReductioD on charcoal, with sublimst«s (when formed) t 
(d) and beyond. 
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SUBLIMATES ON CHARCOAL 
(For abbreviations, see page 60) 



Near Assay. 


Dist. from Assay. 


Substance. 


Remarks. 

r 


White, very vol- 
atile 


Wh. to grajosh 


AsaO, 


Mostly far from assay; often 
strong garlic odor 


Dense wh., vola- 
tile 


Gray or slight- 
ly brownish 


White, 
TeOj 
Gray, Te 


Volatilizes in r.f., coloring 
flame pale green 


Dense wh., vola- 
tile 


Bluish 


SbjOa and 
SbSb04 


Heavy near the assay 


White 


White to blu- 
ish 


Chlorides of Cu, Pb, Hg, NH4, and 
alkahs 


Pale yel. to wh. 
hot; wh. cold; 
non-vol. in o.f . 


Faint white 


SnOj 


Moistened with CoCNOs)^ 
and ignited, subl. becomes 
bluish-green 


Pale yel. hot; wh. 
cold; vol. in o.f. 


Bluish 


MoO, 


Touched with r.f., subl. be- 
comes azure-blue. Cu-red 
M0O2 subl. next to assay 


Canary-yel. hot; 
wh. cold; non- 
vol. in o.f. 


Faint white 


ZnO 


Moistened with Co(NOj)2 
and ignited the subl. be- 
comes green 


Yel. hot; pale yel. 
cold; vol. in o.f. 
and r.f. 


Dense white 
with bhiish- 
wh. border 


PbO 
PbSOa 

PbS04 


Forms when galena and other 
Pb sulphides are heated 
very hot on charcoal 


Dark yel. hot; 
S-yel. cold; vol. 
in o.f. and r.f. 


Bhiish-white 


PbO 


Heated with " bismuth flux " 
forms volatile yelh.-grn.. 
subl., Pbl2 


Dark orange-yel. 
hot; orange- 
yel. cold; vol. 
in o.f. and r.f. 


Greenish- 
white 


BiaOs 


Fused with " bismuth flux " 
in small o.f. forms yel. 
subl. fringed by brilliant 
red 


Nearly blk. to 
rdh.-brn.; vol. 
in o.f. and r.f. 


Yellow 


CdO 


Iridescent when very thin 


Rdh. to deep lilac 




Ag with 
Pb and Sb 


Ag alone gives slight bnh. 
subl. after long ignition 


Copper-red 


White 


M0O2, 
MoO, 


Touched with r.f., white 
subl. becomes azure-blue 


Steel-gray, faint 
metallic luster; 
very vol. 


White; may 
be tinged 
red 


White, 

SeOa 

Red, Se 


Subl. colors r.f. azure-blue. 
Characteristic radish-like 
odor 
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7. Roastmg. Spread a fine powder of the mineral thinly 
on charcoal and heat with a small oxidizing flame, a con- 
fflderabie distance beyond the tip of the blue and at no more 
than a dull red heat (Fig. 6). If the mineral fuses easily heat 
intensely till the volatile constituents are driven off, then 
pulverize with a little powdered charcoal and repeat the roast- 
ing with the mixture, using the small oxidizing flame and low 
temperature again. 



FiQ. 6. — Roasting on charcoal; very small o.f., scarcely red heat. 

8. On Gypsum Tablets. The tablet may be held in the 
same manner as the charcoal, or may be placed on charcoal 
as a support. A little of the pulverized mineral is fused with 
" bismuth flux " near one end of the tablet. Volatile iodides 
of the metals are formed, many of which produce characteristic 
sublimates on the cool part of the gypsum. The same proc- 
ess may be used on charcoal, and in the following table the 
results are compared with those on gypsum. 

9. In Closed Tube. The object is to heat the mineral with 
little air, and hence with little oxidation. Use small fragments; 
fine powder adheres to the side of the tube and may interfere 
■mth sublimates. Volatile emanations that give an odor or 
condense as a sublimate or a liquid on the side of the tube are to 
be specially noted; also decrepitation, phosphorescence, fusion, 
change in form or color, or magnetism. The upper end of the 
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IODIDE SUBLIMATES ON GYPSUM AND CHAECOAL 

(For abbreviations, see page 60) 



On Gypaum. 


Sub- 


On Chanul. 


Chrome-yel., volatUe 


Pbl, 


Chrome-yel.; gnh. if thin; 
volatUe 


Yel. to orange; very volatile 


Asl, 


Faint yellow 


ammonia fumes 


Sbl, 


Faint yeUow 


Scarlet with yel.; it etrongly heated is 
dull yel. and blk. 


Hgl 


Faint yellow 


BrowBish-orange 


SnI, 


White 


Rdh.-bm., nearly scarlet 


Sel, 


Does not show on charcoal 


Chocolate-bm., with underlying scar- 
let; in ammonia fumea becomes ot- 
ange and then cherry-red 


Bil. 


Bright red; yel. near assay 


Purplish-bm., darker border 


Tel. 


Does not show on charcoal 


Ultramarine-blue, deep 


Mol. 





tube must be kept cool, and this is best assured by holdii^ it 
only with the fingers Mid keeping it nearly horizontal (Fig. 7). 



Fio, 7. — Heating in closed tube (c.t.) : Hold the tube with the fingers only. 
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SUBLIMATES IN CLOSED TUBE 
(For abbreviations, see page 60) 



Hot. 


Cold. 


Sub- 
stance. 


Remarks. 


Cols, liquid; easily vol. 


Cols, liquid 


HjO 

■ 


Neutral or acid; rarely 
alkaline 


White soHd 


White solid 


PbCl2,SbCl3, AS2O3, SbaOa, NH4 
salts 



Gray meta,lh"c liquid globules 


Hg 


Unite by rubbing with 
strip of paper 


Paleyel. to cols, liquid; 
difficultly volatile 


Cols, to wh. 
globules 


TeOa 


From Te and some com- 
pounds 


Dark yel. to red liquid; 
easily volatile 


Yel. xln. solid; 
pale in small 
amt. 


S 


From S and some sulphides 


Dark red liquid, nearly 
blk.; easily volatile 


R/lh.-yel. 
transparent 
solid 


AsS 
AS2S3 


From sulphides and sul- 
pharsenites 


Blk. solid; dif. vol. 


Rdh.-brown 


SbaOSa 


Sulphides and sulphanti- 
monites 


Brilliant blk. solid; often gry. and 
xin. near heated end 


As 


From As and arsenides. 
Break off closed end and 
heat subl. for garlic odor 


Brilliant blk. soUd 




HgS 


Subl. rubbed gives red 






powdet 


Blk. fusible slobules 




Te 


Te and tellurides; usuallv 


« 




some Te02 formed (see 
above) 


Blk. fusible globules; smallest deep 
red by transmitted light 


Se 


Often also wh. xln. SeOj 
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10. la Open Tube. The object is to heat the mineral 
with a good supply of air for oxidation. Place finely pow- 
dered mineral near one end of thp tube (at the elbow if the 
tube is bent). Hold the tube steeply inclined, with the pow- 



Fid. 8. — Heating in open tube (o.t.): Use tube holder and heat first 
at (o) to insure draft. 



der at the lower end, using a holder, since the whole tube 
will become hot. First heat the tube well just above the 
mineral (at a, Fig. 8) so as to insure a good draft, then bring 
the mineral over the flame. 
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DETERMINATIVE MINERALOGY 



SUBLIMATES IN OPEN TUBE 



(For abbreviations, see page 60j 



Color and Character. 


Sub- 
stance. 


Remarks. 


Wh. xln., readily volatile 


AszOs 


Xln. (octahedrons) on the warm 
glass 


Wh. xln., readily volatile 


SeOa 


Us, rad. xls. ; often a httle red S 


Wh. xln., slowly volatile 


SbzOa 


Xls. are octahedrons and prisms 


Wh. non-vol., infusible 


PbSOs 
PbS04 


SUght deposit; mostly on lower side 
of tube near assay 


Wh. to pale yel. globules; 
slowly vol. 


TeOa 




Pale yel. hot; wh. cold; 
amorph., infus., non-vol. 


SbSb04 


Dense wh. smoke; subl. mostly on 
under side of tube; us. some vola- 
tile SbzOs 


Pale yel. hot; wh. cold; fus. 
and vol. at red heat 


MoOs 


Network of delicate xls. near assay 


Yel. to orange; easily vol. 


S, AsS 


These sublimates result from too 


Blk. hot; bra. cold; dif. vola- 
tile 


SbaOSj 


rapid heatmg; will not form with 
proper draft and oxidation. Heat 
tube above assay firfet, then di- 


Brilliant blk.; volatile 


As,HgS 


rectly under it 


Gry. metalhc globules; vola- 
tile 


Hg 


Unite by rubbing with strip of paper 


Red, volatile 


Se 


Often with white Se02 (see above) 



r\ 
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11. In Borax Bead. A round loop (| inch diameter) 
of platinum wire may be made conveniently by bending it 
aromid the tapering part of a pencil near the point (Fig. 9a). 
The loop is heated in the Bunsen or blowpipe flame and 
dipped into the powdered borax. The part that adheres is 
fused to a clear globule (Fig. 10) ; this is again dipped into the 
borax, and the process is repeated until a nearly spherical 
bead is obtained. The hot bead is touched lightly to a fine 
powder of the mineral and is then heated thoroughly in the 



Fig. 9. — Platintun wire loops: (a) Single loop i inch, for bead tests; 
(6) double loop, holding larger quantity, for decomposing insoluble minerals 
in fluxes. 

oxidizing flame. The degree of solubility of the particles 
and the colors, if any, imparted to the bead are carefully 
noted. It is then heated continuously for some time in the 
reducing flame, and any change noted. The quantity of the 
powdered mineral in the bead is gradually increased until a 
distinct reaction is obtained or until the bead is saturated 
with it. 

Precaution. Sulphides, arsenides, antimonides, etc., must 
first be thoroughly roasted at a dull red heat (Fig. 6), as 
directed in Section 7, page 14, in order to convert them 
into oxides; otherwise no characteristic reaction will occur. 
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DETERMINATIVE MINERALOGY 



BORAX BEAD REACTIONS 
(For abbreviations, see page 60) 
(M indicates medium amount; + indicates much; — indicates little) 



Oxidizing Flame. 


Reducing Flame. 


Amount. 


Oxide of 


Hot. 


Cold. 


Hot. 


Cold. 




Colorless 


Colorless 


Colorle^ 


Colorless 


-f or — 


Si, Al, Sn 


c/ Colorless 


Cols, or 
opaq. wh. 


Colorless 


Cok. or 
opaq. wh. 


-f-or - 


Ca,8r,^,Mg, 


Pale yel. 


Cols, or wh. 


Pale yel. 


Colorless 


+ 


Pb, Sb, Cd 


Pale yel. 


Cols, or wh. 


Gray 


Gray 


+ 


Bi 


Pale yel. 


Cols, or wh. 


Brown 


Brown 


+ 


Mo 


Pale yel. 

• 


Cols, or wh. 


YeUow 


Yel. to yelh- 
brn. 


M 


W 


Pale yel. 


Cols, or wh. 


Grayish 


Bnh.-violet 


M 


Ti 


YeUow 


Nearly cols. 


Pale green 


Nearly cols. 


— 


Fe,U 


Yellow 


Yelh.-green 


Green 


Green 


— 


Cr 


YeUow 


Pale yelh.- 
gm. 


Dirty grn. 


Fine green 




V 


Yel. to or- 
ange 


YeUow 


Pale green 


Pale grn. to 
nearly cols. 


Mto + 


U 


Yel. to or- 
a,nge 


YeUow 


Bottle grn. 


Pale green 


Mto + 


Fe 


Yel. to or- 
ange 


Yelh.-grn. 


Green 


Green 


Mto + 


Cr 


Green 


Blue 


Cols, to gru. 


Opaq. red 

(+) 


- toM 


Cu 


Blue 


Blue 


Blue 


Blue 


- toM 


Co 


Violet 


Rdh.-bm. 


Opaq. gray 


Opaq. gray 


- toM 


Ni 


Violet 


Rdh.-violet 


Colorless 


Colorle^ 


— 


Mn 
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12. In Sodium Metaphosphate Bead. The bead is made 
by heating sodium aimnonium phosphate on a loop of platinum 
wire in the same manner as previously described for the borax 
bead; but when first fused it is much more liquid than borax 
and considerable care must be exercised in order to avoid 




Fig. 10. — Making a bead in the Bunsen flame. If the bead drops it 
falls clear of the burner instead of clogging it. This position is specially 
important for sodium metaphosphate (s.ph.) beads. 

dropping it. It is best to tilt the burner at a considerable 
angle (Fig. 10), so that beads cannot drop into it and clog it. 
Hold the wire over the center of the flame, with the circular 
loop horizontal. Do not undertake to fuse much of the salt 



^ 
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DETERMINATIVE MINERALOGY 



SODIUM METAPHOSPHATE BEAD REACTIONS 
(For abbreviations, see page 60) 
(M indicates medium amount; + indicates much; — indicates little) 



Oxidizing Flame. 


Reducing Flame. 


Amount. 




Hot. 


Cold. 


Hot. 


Cold. 


Oxide of 


Colorless 


Cols, or 
opaq. white 


ColorleKH 


Cols, or 
opaq. white 


— or 4- 


Ca, Sr, Ba, 
Mg, Zn, Al, 
Zr, Sn, Si 
(Si nearly 
insol.) 


Pale yel. 


Colorless 


Pale yel. 


Colorless 


+ 


Cd 


Pale yel. 


Colorless 


Gray 


Gray 


+ 


Pb, Sb, Bi 


Pale yel. 


Colorless 


Brown 


Brown 


+ 


Cb 


Pale yel. 


Colorless 


Dirty blue 


Fine blue 


M 


W 


Pale yel. 


Colorless 


Yellow 


Violet 


- to + 


Ti 


YeUow 


Colorless 


Pale yelh.- 
grn. 


Colorless 


— 


Fe 


YeUow 


Pale grnh.- 

yel. 


Pale grn. 


Fine grn. 


M 


U 


Yelh.-grn. 


Colorless 


Dirty grn. 


Fine grn. 


M 


Mo 


Yel. to 
bnh.-red 


Yel. to cols. 


Red, yel., to 
yelh.-gru. 


Nearly cols, 
to pale 
violet 


M to 4- 


Fe 


Yel. to 
deep yel. 


Yellow 


Dirty grn. 


Fine grn. 


- to M 


V 


Red to 
bnh.-red 


Yel. to 
redh.-yel. 


Red to 
bnh.-red 


Yel to 
redh.-yel. 


- to M 


Ni 


Green 


Pale blue 


Pale yelh.- 
grn. 


Pale blue, 
nearly 
cols.; at 
times ru- 
by-red 




Cu 


Dark 
green 


Blue 


Bnh.-gru. 


Opaq. red 


M 


Cu 


Dirty grn. 


Fine grn. 


Dirty grn. 


Fine grn. 


- to M 


Cr 


Blue 


Blue 


Blue 


Blue 


- to M 


Co 


Gryh .-vio- 
let 


Violet 


Colorless 


Colorless 


M 


Mn 
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at a time, but build up the bead by small additions, heating 
each time until all bubbling stops. The salt fuses to sodium 
metaphosphate, NaPOa, and is used in exactly the same manner 
as the borax bead. 

13. In Sodium Carbonate Bead (Soda). The soda bead 
on platinimi wire is opaque white when cold. It is prepared 
in the same manner as borax or s.ph. beads (see preceding 
sections), and is useful for the following reactions: 

Manganese: in o.f., green when hot, blue when cold; in 
r.f., colorless. 

Chromium : in o.f., yellow. 

Quartz : in fine powder fused with about equal volmne of 
soda gives a clear glass. 

14. With Acids. For most purposes dilute hydrochloric 
acid is used; but for sulphides and arsenides, which require 
oxidation, nitric acid is best. 

Usually the object of the first test with an acid is to deter- 
mine whether the mineral is decomposed or dissolved by it. 
This is best done with a very small amount of the fine powder, 
just enough to be distinctly visible in the bottom of the test 
tube. Fill the tube with acid to a depth of | to | of an inch. 
If no immediate reaction occurs, heat to boiling and observe 
any change, particularly whether any of the powdered mineral 
has disappeared. If the mineral seems unchanged continue 
the boiling for several minutes. If solution or any other 
reaction occurs, add a larger amount of the powdered mineral 
in order to get distinct results. 

(1) Solution may occur with effervescence in cold acid 
or only on heating, with the evolution of CO2, colorless and 
odorless, from carbonates; H2S, colorless and disagreeable 
odor, from some sulphides; CI, nearly colorless, pungent 
odor, bleaches moist litmus paper, from some higher oxides 
in HCl; NO2, dark red vapors, when oxidation of sulphides, 
etc., takes place in HNO3. 
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(2) Solution may take place without effervescence, giving 
a clear, colorless solution, without a residue. When slow 
this reaction is sometimes difficult to detect. After boiling 
with a large amount of the powdered mineral, evaporate a 
drop of the clear liquid on a watch glass or a piece of Pt foil 
(or a flake of mica, if HCl or HNO3 is used) . A residue indicates 
that some of the mineral has gone into solution. 

(3) Solution may occur without effervescence and without 
residue, as in (2), but with a colored solution. Yellowish to 
brownish red, ferric iron minerals in HCl; green from nickel 
and from mixtures of copper and iron (the addition of ammonia 
to the solution gives blue with copper or nickel, very intense 
with the former) ; blue from copper, intensified by the addition 
of an excess of ammonia; pink or pale rose from cobalt minerals. 

(4) Solution may occur without effervescence, leaving an 
insoluble residue. Gelatinous silica from some silicates, 
appears on evaporation of the acid; powdery or flaky silica 
separates from some silicates — it is more translucent than the 
finest powder of naost minerals; white opaque metallic oxides, 
especially from Sn, Sb, and Pb minerals in HNO3; yellow 
powder, WO3, from some tungstates in HCl; yellow floating 
mass of sulphur, often black with particles of the mineral, 
from many sulphides in HNO3. 

15. With Cobat Nitrate. The solution is useful with 
light-colored infusible minerals. Heat a small amount of the 
fine powder or minute fragments intensely on charcoal in the 
oxidizing flame; moisten the mineral with the solution, and 
again ignite to an intense white heat. Distinct colors may be 
imparted, as follows: 

BluCj aluminum minerals, zinc silicates. 

Bluish-^reen, tin oxide. ' 

Yellowish-greeTiy zinc and titanium oxides. 

Dark greeriy oxides of antimony and cobalt. 

Pink, usually pale, from magnesium minerals. 
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16. Precipitates from Solution. The following reagents 
are most commonly used. For distinctions between the 
various precipitates, see the tests for the elements on succeed- 
ing pages. 

Ammonia precipitates hydroxides of Al, Gl, Bi, chromic 
Cr, Fe, Pb, Ti, and rare earth metals. (In the presence of 
phosphoric, arsenic, sUicic, and hydrofluoric acids various 
other substances are also precipitated.) 

Ammonium carbonate and ammonium oxalate precipitate 
Ca, Sr, and Ba from solutions made alkaline with ammonia. 

Ammxmium sulphide precipitates from neutral or alkaline 
solutions sulphides of Fe, Zn, Mn, Co, Ni, and hydroxides 
of Al, Cr, and rare earth metals. 

Barium chloride precipitates BaS04 from acid solutions 
of a sulphate — a delicate test. 

Hydrochloric acid precipitates chlorides of Ag, Pb, and 
mercurous Hg from solutions in HNO3. 

Silver nitrate precipitates silver chloride, bromide, or iodide 
from solutions of the corresponding minerals in water or HNO3. 

Sodium phosphate precipitates Mg from solutions in which 
ammonia and ammonium carbonate give no precipitates or 
in the filtrate after precipitating with these reagents. 

Sulphuric acid precipitates sulphates of Pb, Ba, and Sr, 
and also Ca in concentrated solutions. 



M 



REACTIONS FOR THE ELEMENTS 

(For list of elements, see page 58; abbreviations, page 60) \ 
Aluminum (A1; trivalent; at.wt. 27.1) 

(1) Ign. with Cobalt Nitrate. Fine powder of light-colored 
infus. Al minerals assume a fine blue color when moistened 
with the solution and intensely heated either on ch. or in a 
small loop of Pt wire. Zn silicates also give blue color, but 
will also yield test for Zn. 

(2) Precipitation wilii Ammonia. Added in slight excess 
to acid solutions, gelatinous A1(0H)3 is precipitated. To 
distinguish from other similar-looking precipitates obtained 
in the same way, filter, wash the ppt., place part of it in test 
tube with H2O and KOH; if it is A1(0H)3 it will go easily 
into solution. Burn the filter (in crucible or on ch.) and the 
rest of the ppt. will give foregoing test with cobalt nitrate. 

For Al in silicates, see Silicon (2). 

Antimony (Sb; trivalent and pentavalent; at.wt. 120.2) 

(1) Oxide Subl. on ch. Heat fragments on ch. in o.f. A 
dense white subl. of Sb203 forms very near the assay (compare 
As). Where thin the coating looks bluish. Subl. is volatile 
and may be driven about readily by the o.f. or r.f. No dis- 
tinctive odor (compare As) unless S or As is present. 

(2) Antimonate Subl. in o.t. When heated in o.t. most 
Sb sulphides yield a heavy white subl., SbSb04, along the 
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under side of the tube, which is non-vol. (compare As), 
straw-yel. when hot and white on cooUng. 

(3) Oxysulphide Subl. in c.t. On intense ign. sulphides 
yield a black subl. of Sb2S20, rich redh.-bm. on cooling. Dif . 
vol. 

(4) Iodide Subl. on Gypsum. Mixed with " bismuth 
flux '' or moistened with HI and heated in o.f. on gypsum 
tablet, a red subl. of Sbia, which disappears in fiunes of strong 
ammonia. 

(5) Flame Color. Sb volatilizes in r.f. and gives a pale 
greenish color to the flame. Pt forceps must not be used. 

Arsenic (As; trivalent and pentavalent; at.wt. 75) 

(1) Oxide Subl. on ch. Metallic^As, its sulphides and the 
arsenides when heated on ch. yield white fumes of a garlic- 
like odor and a white crystalline subl. of AS2O3 far from the 
assay. 

(2) Oxide Subl. in o.t. Subl. and odor like preceding 
are prqduced in the tube. Easily volatile and driven out of 
the tube. 

(3) Metallic Mirror in c.t. The metal and some arsenides 
yield a brilliant black arsenical mirror. When abundant 
the part nearest the assay crystallizes and looks gray. By 
breaking off the closed end of tube and heating the subl. the 
garlic odor is produced. Oxygen compounds require powdered 
charcoal also in the c.t. 

(4) Iodide Subl. on Gypsum. Powder mixed with " bis- 
muth flux " or moistened with HI and heated in o.f. on gypsum 
tablet, a vol. orange-yel. subl. of Asis forms. 

(5) Flame Color. In r.f. As volatilizes and colors the 
flame violet. 
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Barium (Ba; bivalent; at.wt. 137.4) 

(1) Flame Color. A gnh.-yel. color is imparted to the flame, 
sometimes intensified by moistening with HCl. Silicates- 
do not give the flame color. Must be distinguished carefully 
from B and P flame colors. 

(2) Sulphate Precipitate. A few drops of dilute H2SO4. 
give a white ppt. of BaS04 from solutions in water and dilute 
acids. A delicate test and distinguishes from B and P. Insol- 
uble silicates require previous fusion of the finely powdered 
mineral with 3 volumes of soda in a loop of Pt. wire, which 
renders them soluble in HCl. Test ppt. for flame color using 
clean Pt wire. If both Ba and Sr are present a mixed flame 
results. 

(3) Alkaline Reaction. Like the other alkaline earths and 
most alkalis, some Ba minerals give alkaline reaction on 
moist turmeric paper after ignition. 

Bismuth (Bi; trivalent; at.wt. 208) 

(1) Metallic Bi and Oxide Subl. on ch. Heat the mineral 
with 3 times its volume of soda on ch. Brittle metallic 
globules of Bi are obtained* and a yellow coating of Bi203 
which is white further away. Subl. much like that of Pb, 
but metal less malleable; distinguished by the following test. 

(2) Iodide Ppt. on ch. and Gypsum. Mix the powdered 
mineral with " bismuth flux " or moisten with HI and heat 
in the o.f. on ch. The subl. is yellow near the assay and bor- 
dered by brilliant red Bils. On a gypsum plate the subl. 
is chocolate-brown but changes to a brilliant red on exposure 
to strong ammonia fiunes. 
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BoKON (B; trivalent; at.wt. 11) 

(1) Flame Color. A somewhat yellowish-green (siskin- 
green) flame color. Must not be confused with Ba flame. 
Readily distinguished by other tests. Some B minerals 
require heating with 3 volmnes of a mixture of 3KHSO4 and 
lCaF2; the BF2 formed gives a momentary color to the flame. 

(2) With Turmeric Paper. Moisten turmeric paper with 
a dilute HCl sol. of the mineral and dry it on the outside of 
a test tube containing boiling water. The paper becomes red- 
dish-brown; on moistening with ammonia it becomes black. 
Insol. minerals must first be fused in fine powder with 3 volumes 
of soda on a loop of Pt wire and then dissolved in HCl. 

Bkomine (Br; univalent; at.wt. 79.9) 

(1) Precipitation as Bromide. Solutions of bromides in 
water or dilute HNO3 yield a white ppt. of AgBr when AgNOa 
is added. 

(2) Pb Bromide Subl. in c.t. AgBr heated in c.t; with 
galena (PbS) yields a subl. of PbBr2, which is S-yellow while 
hot and white when cold. 

Cadmium (Cd; bivalent; at.wt. 112.4) 

(1) Oxide Subl. on ch. Heated on ch. with 3 volmnes of 
soda, metallic Cd is volatilized and sublimed as reddish- 
brown CdO, which is yellow distant from the assay and irides- 
cent if only a little forms. 

Calcium (Ca; bivalent; at.wt. 40.1) 

(1) Flame Color. Some Ca minerals give yelh.-red color 
to the flame (green through green glass), often strengthened 
by moistening with HCl. Must not be confused with the 
much redder Sr and Li flames. 
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(2) Sulphate ppt. A few drops of dilute II2SO4 added 
o an HCI sol. of a Ca mineral precipitates white CaS04 -21120, 

which goes into solution on addition of water and boiling. 
This sol. in water distinguishes it from Sr and Ba. 

(3) Carbonate or Oxalate ppt. Ammonium carbonate or 
oxalate added to a solution made strongly alkaline with anunonia 
forms a white ppt. of the corresponding Ca compound. The 
oxalate is also formed in sUghtly acid solutions and this test 
can be appUed in solutions of phosphates, silicates, and borates, 
which cannot be made alkaline with ammonia without pre- 
cipitating Ca salts. 

(4) Alkaline Reaction. Like other alkaline earths and 
most of the alkalis, some Ca minerals give an alkaUne reaction 
on moist turmeric paper after ignition. 

For Ca in silicates, see SiUcon (2), 

Carbon (C; tetravalent; at.wt. 12) 

(1) Odor in c.t. The characteristic empyreumatic odor 
of distillmg organic substances is given in c.t. by hydrocarbons 
and bituminous coal. Anthracite does not yield it, but is 
combustible in the o.f. 

(2) CO2 from Carbonates. Heat fragments of the mineral 
in the c.t. held horizontally with a drop of Ba(0H)2 in the 
open end of the tube; the latter is clouded with a white ppt. 

of BaCOa. 

(3) Eflfervescence with Acids. Treat the powdered mineral 
with dilute HCI, HNO3, or H2SO4, and warm if necessary. 
Guard against mistaking boiUng for effervescence. Tip 
the test tube gently and pour accumulated CO2 (gas) into 
another tube containing Ba(0H)2; on shaking the latter 
a white ppt. of BaCOs forms. Concentrated acids do not 
yield the test imless the salts formed are soluble in the acids. 
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Chlokine (CI; univalent; at.wt. 35.5) 

(1) Flame Color with CuO. Mix powdered mineral with 
CuO and moisten with H2SO4, dry gently on ch. and ignite. 
Or saturate a small s.ph. bead with CuO, add a fragment of 
the mineral and heat in the o.f. In either case the azure-blue 
flame of CuCk will appear. Br gives a similar reaction. 

(2) Evolution of CI. A powdered chloride heated in a 
small test tube with a Uttle pyrolusite (Mn02) and 4 times its 
volume of KHSO4 gives off CI gas, which is recognized by its 
pungent odor and its bleaching effect on a piece of moist litmus 
paper placed inside the tube. AgCl and silicates containing 
CI require fusion first with 3 volumes of soda. 

(3) AgCl ppt. From a solution of a chloride in water or 
dilute HNO3 a few drops of AgNOa sol. ppts. white AgCl, 
curdy if abundant, bluish opalescent if little. Br and I give 
similar reactions. Light soon changes color of the ppt. to 
violet. Insoluble minerals must first be fused with 3 volumes of 
soda. 

(4) Sublimate with Galena. To distinguish chloride, 
bromide, and iodide of Ag, heat in c.t. with powdered galena. 
A subl. of PbCb forms colorless globules which are white 
when cold; PbBr2 is S.-yel. hot and white when cold; Pbl2 
is dark orange-red hot and lemon-yellow cold. The presence 
of Br obscures that of CI and I obscures both of the others. 

• Chromium (Cr; trivalent and sexivalent; at. wt. 52) 

(1) Borax Bead Reac. In o.f. yellow hot (red with much;, 
yel.-gm. cold. In r.f. green hot and cold. 

(2) S.ph. Bead Reac. In o.f. dirty green hot, clear green 
cold. In r.f. similar colors but weaker. V^ differs in giving 
yellow color to s.ph. bead in o.f. 

(3) Soda Bead Reac. In o.f. dark yellow while hot, light 
yellow and opaque cold; in r.f. yelh.-green opaque when cold. 



32 DETERMINATIVE MINERAX.OGY 

Cobalt (Co; bivalent; at.wt. 59) 

(1) In Borax and s.ph. Beads. Fine blue in both o.f . and 
r.f . When Cu or Ni interferes remove the bead from the Pt 
wire and fuse it on ch. with a granule of Sn and the Co color 
will appear. 

CoLUBiBiuM (Niobium) (Cb; pentavalent; at.wt. 93.5) 

(1) Reduction in Solution. Mix powdered mineral with 
6 volimies of borax, moisten to a paste with water and fuse in a 
double loop of Pt wire (Fig. 96). Crush 2 or 3 such beads 
to powder and boil with HCl to a clear solution. Add Sn and 
boil and the sol. becomes blue, which changes slowly to brown 
on continued boiling and disappears on dilution. With Zn 
instead of Sn the blue color changes quickly to brown. W 
gives similar tests, but other tests for that element will dis- 
tinguish. 

CoppEK (Cu; bivalent and univalent; at.wt. 63.6) 

(1) Flame Color. The oxide and oxidized sulphides give 
an emerald-green color. When moistened with HCl the flame 
is azm-e-blue. The same result is obtained by adding a grain 
of common salt, NaCl, to a s.ph. bead satiu'ated with the 
substance. ♦ 

(2) Metallic Cu on ch. Oxides, and sulphides that have 
been previously roasted, yield globules of red malleable Cu 
when fused on ch. with 3 volumes of a flux of equal parts of 
soda and borax in r.f. 

(3) Borax and s.ph. Bead Reactions. In o.f. green hot 
and blue cold; in r.f. pale with little Cu, red and opaque with 
much. 
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(4) Color in Solution. Blue or green sol. in HNO3 or HCl, 
made deep blue by adding ammonia in excess. Ni gives a 
much fainter blue by similar treatment. 

Fluorine (F; univalent; at.wt. 19) 

(1) HF in c.t. Mix the finely powdered mineral with an 
equal volume of powdered glass* and 3 volumes of KHSO4 
and heat gently in c.t. The HF liberated attacks the glass 
and forms SiF4, which decomposes to H2SiF6 with separation 
of Si02; this forms a volatile white subl. in the tube. Break 
off bottom of tube, wash subl. with water and dry; the remain- 
ing subl., Si02, is non-vol. 

(2) Etching Glass. Mix powdered mineral with a few 
drops of cone. H2SO4 and spread over a glass that has been 
previously coated with paraffin and scratched with a pointed 
instnunent. Let stand 5 minutes or longer. Wash off the 
acid, warm the glass, and wipe off paraffin to observe etching. 

(3) With NaPOa in c.t. Mix the powdered mineral 
with 5 times the volume of powdered s.ph. beads and heat 
very hot in c.t. A subl. forms as in (1) and may be tested as 
there described. 

Gold (Au; univalent and trivalent; at.wt. 197.2) 

(1) Metal with Soda on oh. The color, fusibiUty, malleabil- 
ity, and insolubility in any single acid serve to distinguish it 
from other metals. 

Hydrogen (H; univalent; at.wt. 1) 

(1) Water in c.t. Minerals containing hydroxyl, acid 
hydrogen, or water of crystallization, when heated in c.t. 
give off 'water which condenses in the cold part of the tube. 
Hydroxyl and acid H require high temperature. Some salts of 



34 DETERMINATIVE MINERALOGY 

weak bases yield acid water and from some ammonia com- 
pounds it is alkaline, as shown by a strip of red litmus paper 
inserted in the tube. 

Iodine (I; imivalent; at.wt. 126.9) 

(1) Iodide Subl. with Galena. Heat the powdered mineral 
with powdered galena in c.t.; a subl. of Pbl2 is formed which 
is dark orange-red while hot and lemon-yellow when cold. 

(2) Ppt. with AgNOs. From dil. HNO3 solution AgNOa 
ppts. white Agl, which differs from AgCl and AgBr in being 
nearly insoluble in ammonia. 

(3) I with B3HSO4. Violet I vapor is formed when iodides 
are heated in c.t. with KHSO4. 

Iridium (Ir; triyalent and tetravalent; at.wt. 193.1) 
One of the rare Pt metals. See Platinum. 

Iron (Fe; bivalent and trivalent; at.wt. 55.8) 

(1) Magnetism. A few Fe minerals are magnetic and 
many become so on heating in r.f. (or roasting and then heat- 
ing in r.f. in case of sulphides and arsenides). The test is 
more delicate if the powder is fused with a little soda, giving 
a magnetic slag. In all cases only the cold material is magnetic. 

(2) Borax Bead Reac. With small amount of mineral the 
bead in o.f. is yellow hot and nearly colorless cold; with much 
it is bnh.-red hot and yellow cold. With little in r.f. it becomes 
pale green hot and colorless cold; with much it is bottle-green 
hot and paler when cold. With sulphides and arsenides the 
bead test can be made only after roasting. 

(3) Hydroxide ppt. When ammonia is added to a dil. 
HNO3 sol. or to HCl sol. which has been boiled with a few 
drops of HNO3, a bnh.-red ppt. of Fe(0H)3 is formed. In 
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ferrous HCI sol. ammonia gives a dirty green Fe(0H)2 ppt. 
which slowly turns brown by oxidation. 

(4) Ferrous and Ferric Fe, In cold dilute acid solutions 
potassium ferricyanide, K6Fe2(CN)i2, gives a dark blue ppt. 
with ferrous Fe; in ferric solutions it deepens the color but 
gives no ppt. Potassium ferrocyanide, K4Fe(CN)4, gives a 
dark blue ppt. with ferric solutions; from ferrous sol. it gives 
a pale bluish-white ppt. which rapidly becomes blue. NH4CNS 
or KCNS gives a dark red color to ferric solutions. 

Minerals insol. in acids must first be fused in c.t. with 3 
volumes of borax glass (powdered borax beads). Break off 
lower end of tube and boil in a little HCI for a minute; dilute 
the sol., divide it into two parts, and test as above for ferrous 
and ferric Fe. 

For Fe in silicates, see Silicon (2). 

Lead (Pb; bivalent and tetravalent; at.wt. 207.1) 

(1) Metal and Subl. on eh. Mix 1 part powdered mineral, 
1 part powdered charcoal, and 3 parts soda, moisten and fuse 
in r.f. on ch. Globules of soft, malleable, and sectile metal 
form, bright in r.f. and dull on cooling; also subl. of PbO, 
yellow near assay, bluish-white further away. 

(2) Iodide Subl. on ch. Heat powdered mineral with 3 
volumes of " bismuth flux " in o.f. on ch. A chrome-yel. 
subl. of Pbl2 forms near and greenish-yellow far from assay. 

(3) Ppts. from Solution. From solution in dil. HNO3 
either H2SO4 or HCI forms a white ppt. (PbS04 or PbCk). 
From a boiling solution of the mineral in HCI white PbCb 
crystallizes out on cooling. 

Lithium (Li; univalent; at.wt. 6.9) 

(1) Flame Color. Crimson flame when heated in Pt 
forceps or from powdered mineral on clean Pt wire (invisible 
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through green glass). For silicates better results are obtained 
by mixing the mineral with equal parts of powdered gypsum. 
Flame color is much like that of Sr, but redder than that 
of Ca. Compare Sr and Ca. 

Magnesium (Mg; bivalent; at.wt. 24.3) 

(1) Color with Cobalt Nitrate, Some light-colored Mg 
minerals become pale pink when strongly^ignited after moisten- 
ing with Co(N03)2 sol. 

(2) Alkaline Reac. Some Mg minerals give alkaline reac. 
on moist turmeric paper after ignition, Uke the alkalis and 
alkaline earths, but weaker, and less decisive. 

(3) Ppt from Solution. If HCl sol., boil with a drop of 
nitric acid, make strongly alkaline with ammonia, and remove 
Fe, Al, and Ca by successive precipitation with ammonia and 
ammonium oxalate, filtering each time a precipitate appears. 
To the clear filtrate add sodium phosphate and a crystalline 
ppt. of NH4MgP04 • 6H2O appears. 

For Mg in silicates, see Silicon (2). 

Manganese (Mn; bivalent, trivalent, tetravalent; 

at.wt. 54.9) 

Minerals containing S, As, etc., must be roasted in o.f. 
before making bead tests. 

(1) Soda Bead Reac. In o.f. green while hot, bluish-green 
cold; in r.f. white. 

(2) Borax Bead Reac. In o.f. opaque while hot, reddish- 
violet when cold, black if too much is used. In r.f . colorless. 
Similar results in s.ph. but not so delicate. 

(3) Evolution of CI. Higher oxides of Mn decompose 
HCl with evolution of CI gas. 



N 
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Mercury (Hg; univalent and bivalent; at.wt. 200) 

(1) Metal in c.t Mix the powdered mineral with 4 
volumes of soda that has been dried by heating nearly to red- 
ness on clean metal or in a procelain crucible; put mixture in 
c.t., cover with dry soda, and heat gradually. Hg appears 
as gray subl. or as globules on the walls of the tube. Alone 
in c.t. most Hg compounds volatilize without decomposing. 
Cinnabar gives a black subl. like the As mirror. 

(2) Hg Ppt. on Cu. Qlean Cu in a Hg sol. receives a coat- 
ing of metallic Hg, giving the appearance of silver plating. 

Molybdenum (Mo; tetravalent and sexivalent; at.wt. 96) 

(1) Subl. in o.t. Thin flakes of molybdenite at. a high 
temperature in o.t. give a yellow subl. of M0O3, frequently 
also deUcate crystals. 

(2) flame Color, At tip of blue flamer gives a pale yelh.- 
green color. 

(3) S.ph. Bead Reac. With a small amount of the oxide 
in o.f. the bead is yelh.-green while hot, nearly colorless cold; 
in r.f . dirty green hot, fine green on cooling. 

(4) Color in Sol. Place finely powdered mineral with a 
minute scrap of paper (about 1 mm. square) in a test tube 
with a few drops of water and an equal quantity of cone. 
H2SO4; heat till copious acid fumes form, let cool, and add 
water, one drop at a time. A deep blue color appears and 
quickly disappears with much dilution. 

Nickel (Ni; bivalent; at.wt. 58.7) 

(1) Borax Bead Reac. In o.f. violet while hot, redh.-brown 
cold; opaque by long heating in r.f. On ch. with Sn the 



38 DETERMINATIVE MINERAtOGY 

bead becomes colorless. Co in small amt. obscures the bead 
test for Ni. 

(2) Color of Sol. and Ppt. Sol. in HJIO3 is apple-green; 
becomes blue with ammonia. Compare the much deeper 
blue with Cu from this treatment. 

Nitrogen (N; trivalent and pentavalent; at.wt. 14) 

(1) Deflagration on eh. Nitrates deflagrate (flash some- 
what like gunpowder) upon ignition on ch. 

(2) Fumes in c.t. Heat mineral powder in c.t. with KHSO4. 
NO2 firnies given off are recognized by red color on looking 
into the end of the tube. 

Osmium (Os; bivalent, tetravalent, etc.; at.wt. 190.9) 
One of the rare platinum metals. See Platinum. 

Oxygen (0; bivalent; at.wt. 16) 

(1) O gas in c.t. Some higher oxides give off when 
heated in c.t. A glowing stick inserted will bum brightly. 

(2) CI Gas with HCl. Some higher oxides decompose 
HCl with the liberation of free CI, which has a pungent odor 
and bleaches moist litmus paper inserted in the tube. 

Palladium (Pd; bivalent and tetravalent; at.wt. 106.7) 
One of the rare platinum metals. See Platinum. 

Phosphorus (P; pentavalent; at.wt. 31) 

(1) Ppt. with Ammonium Molybdate. Dissolve the pow- 
dered mineral in HNO3, previously fusing in soda bead if insol. 
Add a few drops of the sol. to a test tube containing ammonium 
molybdate and let stand a few minutes; a yellow ppt. forms. 
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(2) Flame Color. Pale bluish-green; moistening with 
H2SO4, is required with some minerals. 



Platinum (Pt; bivalent and tetravalent, at.wt. 195.2) 

(1) Platinum is recognized by its grayish-white color, 
infusibility, insolubility in any single acid, and reddish-yellow 
solution in aqua regia. It usually contains iron and traces of 
the other metals of the Platinum Group, of which the fol- 
lowing are the most important: 

(2) Osmium gives the very penetrating and disagreeable 
odor of OSO4 when the fine powder is heated in c.t. with 
NaNOa or KNO3. 

(3) Iridium and Iridosmine are hard (H = 6-7), insoluble 
even in aqua regia. Fusion with NaNOa in c.t. oxidizes some 
Ir; break off the lower end of the tube and boil the mass in 
aqua regia. The solution becomes deep red to reddish-black. 

(4) Palladium has a bluish tarnish, which is removed and 
a Pt-like color restored in r.f. and renewed by moderate 
heat in o.f . 



Potassium (K; univalent; at.wt. 39.1) 

(1) Flame Color. Pale violet, obscured by Na; violet or 
purplish-red through blue glass, which eliminates the yellow 
of Na. For silicates mix with an equal volume of powdered 
gypsum and heat on a Pt wire the end of which has been 
moistened to make the powder adhere. 

(2) Alkaline Reaction. Some K minerals, like those con- 
taining some other alkalis and the alkaline earths, give an 
alkaline reac. on moist turmeric paper after intense ignition. 

For K in silicates, see Silicon (2). 
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Selenium (Se; bivalent and sexivalent; at.wt. 79.2) 

(1) Odor and Subl. on ch. Radish-like odor. If abundant, 
brownish fumes form and a silvery Se02 coating, which may 
have a border of red from admixture of Se. 

(2) Flame Color, The subl. obtained in (1) is volatile in 
r.f . and imparts a fine aeure-blue color to the flame. 

(3) Subl. in o.t. White crystalUne Se02 subl. reddened 
by admixture of Se; volatile and give a beautiful blue color 
to flame if the end of the tube is held so that the fumes enter 
the reducing part of the Bunsen flame, 

(4) Subl. in c.t. Fused black globules of Se, the smallest 
deep red to brown by transmitted light. Some white Se02 
may form above the Se. 

Silicon (Si; tetravalent; at.wt. 28.3) 

(1) Gelatinization. Silicates that are completely soluble 
in acids give on continued boiling and evaporation a jelly of 
H2Si03. HNO3 is best, but HCl will serve in most cases. 

(2) Insol. Residue in Acids. Insol. silica in powdery 
form remains after solution of the bases of some minerals. 
In suspension it makes the solution translucent and not so 
white and milky as the powder of an insol. mineral. Verify 
solution by evaporating a drop of the clear Uquid on Pt foil 
or a watch glass (or a flake of mica if HCl or HNO3 is used) 
and note considerable residue if solution has occurred. 

Evaporate the solution obtained in (1) or (2) to drjiiess, 
moisten with cone, acid, and heat to boiling, then add 2 parts 
water and boil again. The bases go into sol. but the silica 
remains and is removed by filtering. For insol. silicates first 
fuse in beads on Pt wire with 3 parts of soda, dissolve in dil. 
HNO3, evaporate to dryness, and proceed as before. It is 
convenient to use a double loop (Fig. 96) and prepare 2 or 3 
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large beads, in order to provide a sufficient quantity for dis- 
tinct reactions. This is especially important in the following 
tests. 

Detection of Bases in Silicates, (a) To the filtrate from the preced- 
ing operations if not a nitric acid solution, add a little HNOs, heat to 
boiling and add ammonia in shght excess. Al and Fe are precipitated as 
hydroxides (A1(0H)3 and Fe (OH) 3). If the ppt. is light-colored there is 
little or no Fe; if it is reddish-brown there is considerable Fe and further 
test must be made for Al as follows: (6) Filter; place the ppt. in a test 
tube with a Uttle water and a small fragment of stick potash (KOH) and 
boil. A1(0H)8 goes into solution and is separated from insoluble Fe(0H)8 
by filtering. Make the filtrate acid with HCl, boil, and add- ammonia in 
excess to precipitate A1(0H)3 again. 

(c) Heat filtrate from (a) to boiling and add a Uttle ammonium oxalate 
to precipitate Ca. Let stand 10 minutes and filter. If filtrate is turbid, 
pass it repeatedly through the same filter till it comes through clear. 

(d) Add to the filtrate from (c) a Uttle more ammonium oxalate to 
make sure that aU Ca has been removed. If no ppt. forms add sodium 
phosphate and strong ammonia to precipitate Mg. It may have to stand 
for some time after cooling before the precipitate forms. , 

(e) If alkalis are to be tested for, filter off the Mg ppt. of (d), evaporate 
the filtrate to dryness and heat to redness to drive off ammonia salts. 
Test the residue for K and Na flame colors with a Pt wire. 

(3) In s.ph. Bead. An insol. skeleton of translucent 
silica remains when the powdered mineral is fused in s.ph. 
bead. 

Silver (Ag; univalent; at.wt. 107.9) 

(1) Metal on ch. Fuse powdered mineral with 3 volumes 
of soda on ch.; a malleable metal globule is obtained which 
is bright both in the flame and after cooling. Test according 
to (2) below. Compounds with S, As, and Sb on roasting in 
o.f . on ch. yield Ag globule which is brittle with Sb. 

(2) Subl. on ch. When Pb and Sb are present or have 
been added, the subl. of PbO and Sb203 on ch. is colored 
reddish to deep lilac by Ag. 
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(3) AgCl Ppt. Dissolve the mineral in cone. HNO3 and 
dilute the sol.; add a few drops of HCl or a little common 
salt and a white ppt. of AgCl forms. Darkens on exposure 
to light and is sol. in ammonia. Collect ppt. on filter paper 
and test according to (1) above. 

Sodium (Na; xmivalent; at.wt. 23) 

(1) Flame Color. Deep yellow, invisible through dark 
blue glass. For non-vol. silicates mix powdered mineral with 
equal volume of powdered gypsum and heat on the point of 
a Pt wire which has been previously moistened so that powder 
will adhere. 

(2) Alkaline Reac. Some Na minerals, like those con- 
taining most other alkalis and the alkaline earths, give alkaline 
reac. on moist turmeric paper after ignition. 

For Na in silicates, see Silicon (2). 

Strontium (Sr; bivalent; at.wt. 87.6) 

(1) Flame Color. Crimson, from fragment in forceps or 
from powder on Pt wire moistened with HCl (faint yellow 
through green glass). Much like the Li flame; redder than 
the Ca flame and more persistent. 

(2) Alkaline Reac. Like many minerals containing alkalis 
and other alkaline earths, some Sr minerals give alkaline 
reac. on moist turmeric paper after ignition. No Li minerals 
give this reaction. 

(3) Sulphate ppt. A sol. of a Sr mineral gives a white 
ppt. of SrS04 on addition of a few drops of dil. H2SO4 (dif. 
from Li) if sol. is not very dilute or too much acid. Ppt. 
does not dissolve on addition of water and boiling, as does 
CaS04. This test is useful for silicates and phosphates, 
which do not yield tests (1) and (2). 
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Sulphur (S; bivalent and sexivalent; at.wt. 32.1) 

Stilphides : 

(1) Fumes in o.t, and on ch. Finely powdered sulphides 
in o.t. give sharp pungent SO2 fumes, which give acid reac. 
on moist litmus paper in upper end of tube. With Fe and 
Cu some white fumes of SO3 appear and H2SO4 condenses 
in the tube. Similar results on ch. in o.f., but less delicate. 
Some sulphides give blue flame from burning S on ch. 

(2) Subl. in o.t. Some sulphides yield in c.t. a subl. of 
S, which is a reddish hquid while hot and a yellow soUd when 
cold. 

(3) Reac. with Soda. Fuse powdered mineral b.b. on 
Pt foil, ch., or a flake of mica, with 3 volumes of soda, place 
the mass on clean Ag and moisten with water; a black stain 
of Ag2S forms. The fused mass moistened with HCl yields 
H2S, as in (5) below. This test is not rehable in the presence 
of Se and Te. Also the gas or <jh. may give a slight reac. for S. 

(4) Sol. in HNO3. In hot cone. HNO3 sulphides are 
oxidized with the formation of H2SO4 and red NO2 fumes. 
Dilute part of the sol. and add BaCl2; a white ppt. of BaS04 
forms. Free S may also float on the solution, either yellow 
or black with particles of the mineral. 

(5) H2S with HCl. Some sulphides dissolve in HCl 
with the evolution of H2S gas, which is recognized by its 
offensive odor. 

Sulphates : 

(1) BaS04 ppt. BaCk added to a dil. HCl sol. of a sul- 
phate gives a white ppt. of BaS04, which does not dissolve 
on addition of water and boiling, as does CaS04. 

(2) Reac. with Soda. Fuse the powdered mineral with 
equal volume of powdered ch. and 2 volumes of soda on ch., 
Pt foil, or a flake of mica till effervescence ceases; then test 
on Ag or with HCl as in (3) for sulphides. 
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Tellurium (Te; bivalent; at.wt. 127.5) 

(1) Subl. on ch. Heated in o.f. on ch. a white subl. of 
Te02 forms near assay, resembling Sb203. Subl. is vol. in 
r.f. and gives a pale greenish color to the flame. 

(2) Subl. in o.t. Similar to results on ch.; subl. volatilizes 
very slowly and fuses into globules which are yellow while 
hot and white or colorless when cold. 

(3) Subl. in c.t. Metallic globules of Te and white subl. of 
Te02, as in (2), form in c.t. 

Tin (Sn; tetravalent; at.wt. 119) 

(1) Metal and Subl. on ch. The powdered mineral fused 
on ch. in r.f. with equal volume of powdered ch. and 2 volumes 
of soda gives globules of white malleable Sn, which are bright 
in r.f. and become dull in the air. Long-continued ignition 
gives a white subl. of Sn02 on ch. In somewhat cone, warm 
HNO3 the metal does not dissolve but forms white H2Sn03. 
Distinguished from Pb and Bi by accompanying subl. on ch. 
and from Ag by subl. and dull surface of globule in air. 

Titanium (Ti; trivalent and tetravalent; at.wt. 48.1) 

(1) S.ph. Bead Reac. In o.f. yellow while hot, colorless 
cold; in r.f. yellow hot, deUcate violet cold. Best reduced 
with a granule of Sn on ch. When other coloring elements 
are present use the next test (2). 

(2) Color of Sol. After fusion with borax or soda and 
solution in HCl, the sol. assumes a delicate violet color on 
boiling with Sn. 

(3) Test with H2O2. Fuse the mineral with soda, boil 
in a small amount of cone. H2SO4 and an equal volume of water. 
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till clear. Dilute and add H2O2; the sol. becomes, redh.-yellow 
to amber, according to the quantity of Ti. 

Tungsten (W; sexivalent; at.wt. 184) 

(1) S.ph. Bead Reac. In o.f. colorless; in r.f. green hot, 
fine blue cold. 

(2) Residue in HCl. When decomposed by HCl a yellow 
residue of WO3 is obtained. Add Sn and continue boiling; 
a blue color is obtained, which finally changes to brown. 

(3) Fusion with Soda. If insol. in HCl, fuse powder on 
Pt wire with 6 volumes of soda, pulverize and dissolve in water, 
filter, acidify with HCl, and boil with Sn. The blue sol. is 
obtained as in (2). 

Uranium (U; tetravalent and sexivalent; at.wt. 238.6) 

(1) S.ph. Bead Reac. In o.f. yellow while hot, yelh.-green 
cold; in r.f. a fine green. 

Vanadium (V; pentavalent; at.wt. 61) 

(1) S.ph. Bead Reac. In o.f. yellow to deep amber, fading 
a little on coohng; in r.f. dirty greenish while hot, fine green 
cold. 

Zinc (Zn; bivalent; at.wt. 66.4) 

(1) Subl. on Ch. Fuse powdered mineral oh ch. with ^ 
its volume of soda and the same amount of powdered ch. 
ZnO subl. near the assay is pale yellow hot, white cold. Where 
ch. is previously moistened with Co(N03)2 sol. the subl. is 
green. 

(2) Flame Color. A large fragment heated near the tip 
of the blue flame colors it in streaks a vivid pale bluish-green. 
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(3) Change of Color. Many Zn minerals are straw-yellow 
or canary-yellow while hot and white when cold. 

Zirconium (Zr; tetravalent; at.wt. 90.6) 

(1) Tunneric Paper Test. Fuse the powdered mineral 
with soda in a loop of Pt wire and dissolve the bead in a small 
amount of HCl. Turmeric paper placed in the solution 
assumes an orange color, which is detected by comparing with 
a piece of turmeric paper in another tube containing only acid. 




CRYSTALLIZATION 

There are six systems of crystallization to which all crystals 
may be assigned. These are distinguished by degrees of sym- 
metry, which is usually expressed m terms of lengths and 
inclinations of certain lines assumed in the crystal and called 
crystallographic axes. 

(1) Isometric System* Three equal axes at right angles 
to each other. The simple forms and some of the combina- 
tions are shown in Figs. 11 to 30. 







Fig. 11. 



Fig. 12. 



Fig. 13. 



Fig. 14. 







Fig. 15. 



Fig. 16. 



Fig. 17. 



Fig. 18. 



Isometric Crystals: Fig. 11, Octahedron (111); 12, Trisoctahedron 
(221); 13, Trapezohedron (211); 14, Hexoctahedron (321); 15, Cube, 
or hexahedron (100); 16, Tetrahexahedron (210); 17, Dodecahedron 
(110); 18, Combination of dodecahedron and trapezohedron. 
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Fig. 27. 



Fw. 28. 



Fio. 29. 



Fig. 30. 



Ibouetric Chtstalb: P'ig. 19, CombinatioD of cube and octahedron; 
20, Combinston of cube, octahedron, and dodecahedron; 21, Combioa- 
tion of octahedron and dodecahedron; 22, Twinned cubes (a penetration 
twin); 23, Tetrahedron (111); 24, Tristetrahedron (211); 25, Deltohedron 
(221); 26, Hextetrahedron (321); 27, Combination of tetrahedron and 
tnatetrahedron (tetrahedritc); 28, Pyritohedron (210); 29, Diploid (321); 
30, Combination of cube and pyritohedron (pyrite). 
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(2) Tetragonal System, Three axes at right angles to 
each other; two are equal and the thkd is shorter or longer 
(Figs. 31 to 39). 
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Fig. 31. 



Fig. 32. 



Fig. 33. 



Fig. 34. 



Fig. 35. 




r- 



.1 — 






Fig. 36. 



Fig. 37. 



Fig. 38. 



Fig. 39. 



Tetragonal Crystals: Fig. 31, Pyramid of the first order (111); 
32, P3rrainid of the second order (101); 33, Ditetragonal pyramid (212); 
34, Ditetragonal prism (210); 35, Prism of the first order (110); 36, 
Prism of the second order (100); 37, Combination of first order prism 
and pyramid with second order prism (vesuvianite) ; 38, Combination of 
basal pinacoid with the same forms as Fig. 37 (vesuvianite); 39, Twin 
crystal of cassiterite (a contact iivin). 



(3) Hexagonal System. Three equal axes at 60° to each 
other in a horizontal plane; a fourth axis at right angles to 
these, vertical, is either shorter or longer (Figs. 40 to 51). 



DETERMINATIVE MINEHALOGY 




Fio. 48. 



[O. 49. 



Fig. 50. 



Fig. 61. 



HEX40ON4I. Crystais: Fig^ 40, Pyramid (1011); 41, Dihexa^nal 

pyramid (2131); 42, Prism (1010); 43, Dihexagonal ptiam (2130); 44, 
Combination of prism and pyramid; 45, Rhombohedron (1011) (calcite), 
46, Rhombohedron (0221) (calcite); 47, Combination of the two preced- 
ing rhombohedroDS (calcite); 48, Scalenobedron (2131) (calcite); 40, 
Combination of scalenohedron and rhombohedron (calcite); 50, Com- 
bination of rhombohedron (0112) and prism (calcite); 51, Hemimorphic 
crystal (tourmaline). 
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(4) Orthorhombic System, Three unequal axes at right 
angles to each other (Figs. 52 to 59). 



L 






Fig. 52. 



\P? 



^-M:'^ 



Fig. 53. 





Fig. 54. 



Fig. 55. 




Rg. 56. 




Fig. 57. 






Fig. 58. 



Fig. 59. 



Orthorhombic Crystals: Fig. 52, Combination of pinaciods (100), 
(010), and (001); 53, Combination of basal and brachy pinacoids with 
prism (110) and macro dome (101) (staurolite); 54, 55, Penetration 
twins (staurolite); 56, Pyramid (111) (sulphur); 57, Combination of pjrra- 
mids (111) and (113) (sulphur); 58, Combination of prism, pyramid, 
domes, and pinacoids (chrysolite) ; 59, Combination of prism, domes, and 
basal pinacoid (celestite). 



(5) Monoclinic System. Three unequal axes, two of which 
are inclined to each other and are at right angles to the third 
(Figs. 60 to 66). 
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Pig. 60. Fiq- 61, Fia. 62. Fio. 63. Fio. 64. 

MoNOCiJNic CftrsTAu: Fig. 60, Hemipyriuuid (111), priam (110), 
and clino pinacoid (010), in combinatioo (gypsum); 61, Contact twin 
(gypsum); 62, Combination of hemipyramidB (111) (221), prism (110), 

and pinacoida (100), (010) (pyroxene); 63, Combination of same forma 
with basal pinacoid (001) (pyroxene); 64, Combination of prism (110), 
pinacoida (010) (001), and bemi-ortho domes (101) (201) (orthoclase); 
66, Penetration twin (orthoclase); 66, Priam (110), pinacoids (010) (001), 
and hemi-ortho dome (201) (orthoclase). 



(6) Triclinic System. Three unequal axes, all inclined to 
each other (Figs. 67, 68). 




Fig. 65. 



Fio. 66. 



Fig. 67; 



Fig. 68. 



TwcLimc CarsTALs: FIr. 67, Combination of tetra-pyramids (111) 
(111), hemi-prisiuR, (110) (llo), macro pinacoid (100), and macro dome 
(201) (axinite); 68, Combination of brachy pinacoid (010), basal pina- 
coid (001), bemi-prismB (110) (HO), and tetra-pyramidB (111) (ill) 
(albite). 



DESCRIPTIVE AND TECHNICAL TERMS 

The following terms are commonly used in describing the 
characters of minerals. 

Adcular. In slender needle-like crystals. 

Adamantine, See Luster. 

Amorphous, Non-crystalline stj"ucture, like opal or glass. 

Anhydrous. Not yielding water in the closed tube. See 
Hydrous. 

Arborescent. Branching like a tree; dendritic. 

Bladed, Flattened and elongated; like a knife blade. 

Botryddal. With a surface consisting of small rounded 
prominences, somewhat like a bunch of grapes pressed closely 
together. 

Brittle, Breaks to powder when cut or hammered. 

Capillary. In hair-like or thread-like cyrstals. 

Cleavage, The capacity for being split with smooth planes 
in certain fixed directions, generally parallel to conmion 
crystal faces. Cleavage is perfect when the mineral splits 
very easily. Directions are expressed by the names of the 
crystal forms; as cubic, parallel to the faces of a cube; octahe- 
dral, parallel to the faces of an octahedron, etc. Compare 
Parting. 

Columnar, Parallel grouping of prisms or columns. 

Ccmpad, Being a firm aggregate of exceedingly minute 
particles, like clay. 

Conchoidal, See Fracture. 

Crystalline, Having regular structure, which, in the ab- 
sence of crystals, is often shown by cleavage. 
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Dendritic. Branching like a tree or like fern leaves; arbo- 
rescent. 

Drusy. Covered with minute crystals, giving a rough 
surface with many glittering faces. 

Dull. Without luster or shine of any kind. 

Earthy. Clay-Uke, dull, and composed of minute particles. 

Elastic. Springing back when bent, as in plates of mica. 

Fibrous. Composed of minute threads, usually with a 
satiny luster, like asbestos. 

Flexible. May be bent without breaking. 

Foliated. Separating readily into thin plates; lamellar. 

Fracture. The manner of breaking that does not produce 
smooth planes of cleavage or parting; designated as conchoidal 
when rounded or curved surfaces are produced; uneven when 
rough and irregular; hackly, sharp, jagged surfaces, like broken 
metals; splintery when elongated splinters or needles are 
produced. 

Fusfibility. Capacity for being fused or melted in the 
blowpipe flame. 

Globular. Having a surface composed of rounded prom- 
inences, somewhat larger and more prominent than botryoidal. 

Glowing. Emission of a bright light when intensely heated; 
a property of infusible substances, particularly oxides of Ca, 
Mg, Zr, and Th. 

Granular. Consisting of crystalline grains or particles of 
about uniform size. 

Greasy. See Luster. 

Hackly. See Fracture. 

Hardness. Resistance to being scratched, commonly indi- 
cated by numbers according to the following 10 minerals, 
called the Scale of Hardness: 1. Talc; 2. Gypsum; 3. Cal- 
cite; 4. Fluorite; 5. Apatite; 6. Orthoclase; 7. Quartz; 8. Topaz; 
9. Corundum; 10. Diamond. With a little practice the degree 
of hardness can be determined very closely by the use of the 
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finger nail (a little above 2), a knife blade (a little above 5), 
and a piece of quartz (7), by noting the ease or difficulty with 
which a mineral is scratched by one of these. 

Hemimorphic. Having crystals with the opposite ends 
differently terminated. 

Hydrous. Yielding water when heated in the closed tube; 
from water of crystallization, hydroxyl, or acid hydrogen. 

Iridescent Having colors like a soap bubble; often due 
to a thin coating or a slight surface alteration. 

Isomorphic. Elements or compounds capable of replacing 
each other in all proportions or of crystallizing together to 
form homogeneous mixed crystals are called isomorphic. Thus 
calcite, CaCOa, may contain varying amounts of MgCOs, 
FeCOs, and MnCOa; Fe, Zn, Pb, and Ag may replace part 
of the Cu in tetrahedrite (gray copper ore) ; etc. 

Lamellar. See Foliated. 

Luster. The appearance of a mineral due to its manner 
of reflecting and refracting light; designated as metallic, the 
luster of a metal; subm^tallic, metalloidaly somewhat like a 
metal. Metallic and submetallic minerals are opaque and give 
very dark-colored powder or streak. Non-metallic lusters in- 
clude vitreous, like glass; adamantine, brilliant, like diamond; 
resinous, the appearance of resin; greasy or oily, as if slightly 
oiled; pearly, like mother of pearl; silky, like satin, due to 
parallel fibers. 

Magnetic. Capable of attracting the magnetic needle or 
of being attracted by a steel magnet. Some pieces of magnetic 
minerals will act as magnets themselves, as magnetite, pyr- 
rhotite, and platinum. 

Malleable. Capable of being hammered into flat pieces. 

MammiUary. Having a smooth surface with rounded 
hummocky protuberances. 

Massive. Without crystal form or faces. 

Metallic^ Metallodial. See Luster. 
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Micaceous. Cleaving easily into very thin sheets, like 
mica. 

Nodular. In rounded lumps or nodules. 

Oily. See Luster. 

Oolitic. Composed of minute rounded grains, Uke fish roe. 

Opalescent. Having a milky or pearly internal reflection. 

Parting. A splitting much like cleavage but occurring 
only at certain irregular intervals, while cleavage can be pro- 
duced as readily at one point as another. 

Pearly. See Luster. 

Phosphorescent. Giving off light when gently heated — 
below red heat. 

Pinacoidal. Parallel to the faces of a pinacoid, as cleavage. 

Pisolitic. Consisting of rounded particles about the size 
of peas. 

Prismatic. Parallel to the faces of a prism, as cleavage; 
also said of crystals that are elongated in one direction. 

Pseudomorphic. Having the crystal form of another min- 
eral, owing to alteration, replacement, etc. 

Pyramidal. Parallel to pyramid faces, as cleavage; or 
having faces that meet in a point. 

Pyroeledric. Becoming electric so as to attract minute 
particles of tissue paper and other light bodies when moderately 
heated. A small fragment of the mineral is generally best. 

Radiated. Having fibers, columns, or plates divergmg from 
a central point. 

Reniform. Having a smooth, rounded, kidney-like surface. 

Resinous. See Luster. 

Reticulated. Slender crystals crossing like the meshes of a 
net. 

Sectile. Slices or shavings may be cut off with a knife. 

Silky. See Luster. 

Specific Gravity. Weight compared with an equal volume 
of water; thus a mineral of G. 2.5 is two and a half times as 
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heavy as water. When the weight of a mineral in air is a, 

a 
and its weight in water is w, G= . A chemical balance 

may be used or one specially designed for this purpose. 
Whether a mineral is high or low specific gravity or inter- 
mediate can generally be judged by the hand without weighing. 

Splendent. Having a brilliant luster. 

Splintery. See Fracture. 

Stalactitic. In icicle-like pendant forms. 

Streak. The color of the fine powder of a mineral or of 
the mark it will make on a harder white substance. The 
streak plate of dull white porcelain is convenient for testing 
minerals below 5.5 in hardness. The same result is obtained 
by grinding a particle of the mineral in a mortar or between 
hammer and anvil, if these are entirely clean and free from 
rust. 

Striated. Marked with fine parallel lines or grooves. 

Svbmetallic. See Luster. 

Tabular. In broad flattened crystals. 

Tarnish. A color different from the fresh mineral, caused 
by alteration of the surface. 

Uneven. See Fracture. 

Vitreous. See Luster. 



CHEMICAL ELEMENTS 



Sym- 
bol. 



A 

Ag 

Al 

As 

Au 

B 

Ba 

Be 

Bi 

Br 

C 

Ca 

Cb 

Cd 

Ce 

CI 

Co 

Cr 

Cs 

Cu 

Dy 

Er 

Eu 

F 

Fe 

Ga 

Gd 

Ge 

Gl 

H 

He 

Hg 



Element. 



Argon 

Silver (Argentum). . . . 

Aluminum 

Arsenic 

Gold (Aurum) 

Boron 

Barium 

Beryllium (see Gluci- 
num). 

Bismuth 

Bromine 

Carbon 

Calcium 

Columbium 

Cadmium 

Cerium . 

Chlorine 

Cobalt 

Chromium 

Caesium 

Copper (Cuprum) . . . . 

Dysprosium 

Erbium 

Europium 

Fluorine 

Iron (Ferrum) 

GaUium 

GadoUnium 

Germanium 

Glucinum 

Hydrogen 

Helium 

Mercury (Hydrargy- 
rum) 



Atomic 


Sym- 


Weight. 


bol. 


39.88 


Ho 


107.88 


I 


27.1 


In 


74.96 


Ir 


197.2 


K 


11.0 


Kr 


137 . 37 


T.a 




T,i 




Lu 


208.0 


Mg 


79.92 


Mn 


12.00 


Mo 


40.07 


N 


93.5 


Na 


112.40 


Nb 


140.25 




35.46 


Nd 


58.97 


Ne 


52.0 


Ni 


132.81 


Nt 


63.57 





162.5 


Os 


167.7 


P 


152.0 


Pb 


19.0 


Pd 


55.84 


Pr 


69.9 


Pt 


157.3 


Ra 


72.5 


Rb 


9.1 


Rh 


1.008 


Ru 


3.99 


S 




Sb 


200.6 


Sc 



Element. 



Holmium 

Iodine 

Indium 

Iridium 

Potassium (KaUum). 

Krypton 

Lanthanum 

Lithium 

Lutecium 

Magnesium 

Manganese 

Molybdenum 

Nitrogen 

Sodium (Natrium). . . 
Niobium (see Colum 
bium). 

Neodymium , 

Neon 

Nickel 

Niton 

Oxygen 

Osmium , 

Phosphorus 

Lead (Plumbum) . . . . 

Palladium 

Praseodymium 

Platinum 

Radium 

Rubidium 

Rhodium 

Ruthenium 

Sulphur 

Antimony (Stibium). 
Scandium 



Atomic 
Weight. 



163.45 
126 . 92 
114.8 
193.1 
39.10 
82.9 
139.0 
6.94 
174.0 
24.32 
54.93 
96.0 
14.01 
23.00 



144.3 
20.2 
58.68 
222.4 
16.000 
190.9 
31.04 
207 . 10 
106.7 
140. 6 
195.2 
226.4 
85.45 
102.9 
101.7 
32.07 
120.2 
44.1 
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CHEMICAL ELEMENTS— Continued 



Sym- 
bol. 



Se 

Si 

Sm 

Sn 

Sr 

Ta 

Tb 

Te' 

Th 

Ti 

Tl 



Element. 



Selenium 

Silicon 

Samarium 

Tin (Stannum) 
Strontium .... 
Tantalum. . . . 

Terbium 

Tellurium. . . . 

Thorium 

Titanium 

Thallium 



Atomic 


Sym- 


Weight. 


bol. 


79.2 


Tu 


28.3 


U 


150.4 


V 


119.0 


W 


87.63 




181.5 


X 


159.2 


Y 


127.5 


Yb 


232.4 


Zn 


48.1 


Zr 


204.0 


^ 



Element. 



ThuUum 

Uranium. . . .'. 

Vanadium 

Tungsten (Wolframi- 

um) 

Xenon 

Yttrium 

Ytterbium 

Zinc 

Zirconium 



Atomic 
Weight. 

168.5 

238.5 
51.0 

184.0 

130.2 

89.0 

172.0 

65.37 

90.6 



ABBREVUTIONS 

(For symbols of chemical elem.ents, see page 58) 



abiind. 


abundant 


acic. 


acicular 


adamant. 


adamantine 


am. 


ammonia 


am.moL 


ammonium molybdate 


amorph. 


amorphous 


amt. 


amount 


anhydr. 


anhydrous 


Ap.I, II 


Appendix I or II to Dana's " System of Mineralogy 


at.wt. 


atomic weight 


b.b. 


before the blowpipe 


bd. 


bead 


blk., blkh. 


black, blackish 


bot. 


botryoidal 


bp. 


blowpipe 


brn., bmh. 


brown, brownish 


C, cleav. 


cleavage 


capil. 


capillary 


ch. 


charcoal 


col. 


color, colored 


cols. 


colorless 


cone. 


concentrated 


conch. 


conchoidal 


cp. 


compare 


c.t. 


closed tube 


dif. 


difficultly 


dil. 


dilute 


disting. 


distinguished 


dk. 


dark 


dodec. 


dodecahedral 


efferv. 


effervesces, effervescence 


F., fract. 


fracture 


fibr. 


fibrous 


flex. 


flexible 


fol. 


foliated 


fus. 


fuses, fusion, fusibility 



}> 
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G., sp.g. 


specific gravity 


gel. 


gelatinizes, gelatinous 


gran. 


granular 


gm., grnh. 


green, greenish 


gry., gi-yh. 


gray, grayish 


H. 


hardness 


hemimor. 


hemimorphic 


hex. 


hexagonal 


ign. 


ignition 


incrust. 


incrustation 


intumes. 


intumesces, intumescence 


iso. 


isometric, isomorphic 


lamel. 


lamellar 


It. 


light 


mammil. 


mammillary 


irirri. 


millimeter (1-25 inch) 


mag. 


magnetic 


maafl. 


masses, massive 


inon. 


rnonoclinic 


non-mag. 


non-magnetic 


non-vol 


nonvolatile 


oct. 


octahedral 


o.f. 


oxidizing flame 


opaq. 


opaque 


orth. 


orthorhombic 


o.t. 


open tube 


P., part. 


parting 


per. 


perfect 


phys. 


physical 


pinac. 


pinacoidal 


ppt. 


precipitate 


prism. 


prismatic 


pseudm. 


pseudomorphic 


pyr. 


pyritohedral 


P3rram. 


pyramidal 


rad. 


radial, radiating 


rdh. 


reddish 


reac. 


reacts, reaction 


res. 


residue, resinous 


rhom. 


rhombohedral 


S. 


Dana's " System of Mineralogy " 


sil. 


sihca (SiOs) 


sol. 


soluble, solution 


somet. 


sometimes 


sp.g., G. 


specific gravity 
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s.ph. 


sodium inetaphosphate 


splint. 


splintery 


st. 


streak 


subl. 


sublimate 


subiiiet. 


submetallic 


T. 


Dana's " Textbook of Mineralogy 


tab. 


tabular 


tar. 


tarnishes, tarnish 


teuip. 


temperature 


tetr. 


tetragonal 


tetrh. 


tetrahedral 


tra,nap. 


transparent, transparency 


transl. 


translucent, translucence 


tri. 


triclinic 


us. 


usually 


vesic. 


vesicular 


vitr. 


vitreous 


vol. 


volatilizes, volatile 


w. 


with 


wh., whh. 


white, whitish 


xl., xls. 


crystal, crystals 


xln. 


crystalline, crystallization 


yel., yelh. 


yellow, yellowish 



PRECAUTIONS CONCERNmG THE USE OF TABLES. 

(1) All tests should be made upon fresh material, preferably 
crystalline. If an impurity is known to be present its effect 
must be carefully allowed for and not attributed to the mineraL 

(2) All tests must be made with care and only clear, decided 
reactions taken into account. Weak, uncertain results may 
be due either to a small amount of some impurity or to careless, 
or hasty manipulation. 

(3) Physical properties, such as luster, color, and hardness, 
must be determined on clean, fresh surfaces. 

(4) The powdered mineral to be used in the various tests 
should be prepared by crushing and grinding (not pounding) 
small grains of pure material in an agate mortar (if not harder 
than 6.5) or under a hammer on any clean surface of iron or 
steel. If the mineral is rare and but little can be used for 
determination a steel "diamond" mortar may be used, or 
fragments may be wrapped in 2 or 3 folds of paper and pounded 
with a hammer. 

(5) The tables are constructed on the plan of eUminating 
one group of minerals after another until the proper species, 
is found; hence the order as given must be followed strictly^ 
both in the general table and in the sections to which it refers. 

(6) Each test should be recorded as soon as made whether 
results are negative or positive. This may be done in system- 
atic order in a notebook or on blanks provided for that purpose.. 
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GENERAL TABLE 

L Metallic or Submetallic Luster. 

The streak is black or dark colored. Section Page 

A. Fusible, at least on thin edges (fus. 1-5), or volatile. 

1. Arsenic minerals. — ^A white sublimate forms on charcoal 

far from the assay; usually also gives a garlic odor. . 1 66 

2. Antimony minerals. — ^A dense white sublimate forms 

on the charcoal near the assay 2 68 

3. Sulphides not previously included. — Fumes of sulphur 

dioxide are given in the open tube, if not on charcoal, 
and acid reaction on moist blue litmus paper placed 
in the upper end of the tube 3 70 

4. Not previously included 4 72 

B. Infusible or nearly so (fus. above 5). 

1. Iron minerals. — Become strongly magnetic after heat- 

ing in the reducing flame and cooling 5 76 

2. Manganese minerals. — ^A minute quantity gives a 

manganese reaction in soda or borax bead; soluble in 
hydrochloric acid with evolution of chlorine gas. ... 6 78 

3. Not previously included 7 78 

n. Without Metallic Luster. 

The streak is light-colored or white. 

A. Easily volatile or combustible 8 80 

B. Fusible, at least on thin edges (fus. 1-5), or slowly or parti- 

ally volatile. 
Part I. Give a globule of metal when fused with an equal 
volume of powdered charcoal and 3 times its volume 
of soda on charcoal. 

1. Lead minerals. — Globules of lead and a yellow coating. 

With "bismuth flux" a chrome-yellow coat, darker 

while hot 9 82 

2. Copper minerals. — Globule of copper; copper reactions 

in acids 10 84 

3. Silver minerals. — Silver globule, brittle when containing 

antimony 11 84 

4. Bismuth minerals. — Brittle bismuth globules and yellow 

sublimate. A red subhmate with "bismuth flux".. 12 86 

64 



DETERMINATIVE TABLES 65 

Part II. Become magnetic after heating in the reducing 

flame and cooling. Iron, cobalt, and nickel minerals. * 

1. Soluble in hydrochloric acid without residue* or gelat- 

inous silica upon evaporation 13 86 

2. Soluble in hydrochloric acid with the formation of 

gelatinous silica or decomposed with separation of 

sihca ' 14 88 

3. Insoluble in hydrochloric acid <v nearly so 15 90 

Part III. Not included in the foregoing parts I and II. 

1. AlkaUne reaction on moist turmeric paper after intense 

ignition. 

a. Easily and completely soluble in water 16 92 

h. Insoluble in water or slowly or partially soluble. ... 17 94 

2. Soluble in hydrochloric acid without residue* or gelat- 

inous sihca upon evaporation 18 96 

3. Soluble in hydrochloric acid with the formation of gelat- 

inous sihca upon evaporation. 

o. Give water in the closed tube 19 98 

h. Little or no water given off in the closed tube 20 100 

4. Decomposed by hydrochloric acid with separation of 

silica but without complete solution or the formation 

of jelly. 

a. Give water in the closed tube 21 102 

h. Little or no water in the closed tube 22 104 

5. Insoluble in hydrochloric acid or nearly so 23 106 

C. Infusible or nearly so (fus. above 5). 

1. AlkaUne reaction on moist turmeric paper after intense 

ignition 24 116 

2. Soluble in hydrochloric acid without residue* or the 

formation of gelatinous sihca upon evaporation. ... 25 118 

3. Soluble in hydrochloric acid with the formation of 

gelatinous sihca upon evaporation 26 120 

4. Decomposed by hydrochloric acid with separation of 

sihca but without complete solution or the formation 

of jelly 27 122 

5. Insoluble in hydrochloric acid or nearly so. 

a. Can be scratched with a knife; not so hard as glass. .28 124 
h. Cannot be scratched with a knife; as hard as glass or 

harder 29 126 

* This is on the assumption that only the pure mineral is being tested. 
It often happens, however, that insoluble impurities are present, either 
as inclusions in crystals or in admixture with granular and earthy minerals. 
Such impurities must be carefully looked for, and due allowance must 
be made for them when their presence is known. 
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SECT] 







Name. 


Composition. 


Mag. globule on ch. 


As and S reac. in o.t. 
As in c.t. 


ARSENOPYRITE 

(MlBplckel) 
T303 S97 


FeAsS 

(Co iso. w. Fe) 




As, but little or no S 


LoUingite 
(Leucopyrite) 
T303 S96 


FeAsa to Fe»As4 


Cu flame on ch. after roast- 
ing and moistening with 
HCl. SOa fumes in o.t. 


Disting. by phys. prop- 
erties. 
(Cp. tetrahedrite) 


Enargite 

T315 S147 


CuiAfliSi 


TENNANTIIE 
T313 S137 


CusAsaS? 
(Ag, Zn. Fe, Sb. !« 




Ag w. soda on ch. 
(Cp. polybasite) 


Pearceite 

T 315 Ap.I. 50 


(Ag,Cu)tAsS« 


Cu flame on ch. as above; no 
SOa fumes in o.t. 


Disting. by phys.prop- 
crties. All tar. to 
bnh. color. Whit- 
neyite is rdh. on 
rubbed surface. 


Domeykite 
T286 S44 


CusAs 




Algodonitc 
T286 S45 


Cu«As 




Whitneyite 
T286 S45 


CutAs 


Co in borax bd. after roast- 
ing. Rose col. sol. in cone. 
HNOt. 
(Cp. Ni minerals, below.) 


As subl. in c.t. 


Smaltite 

T301 S87 


CoAst 

(Fe. NI ISO. w. Co) 


As and S reac. in o.t. 


Cobaltite 

T301 S89 


CoAsS 
(Fe iso. w. Co) 




Qlaucodote 

T304 SlOl 


(Co,Fe)AsS 


Ni in borax bd. after roast- 
ing. (May be masked by 
Co.) Apple-grn. sol. in 
HNOi 


As subl. in c.t. 


Chloanthite 

T301 S88 


NiAsa 
(Fe, Co too. w. NI) 


As in c.t. on intense 
ign. 


Niccolite 

(Copper Nickel) 
T295 S71 


NiAs 
(Fe, Co too. w. NI) 




As and S reac. in o.t. 


Qersdorfite 

T302 S90 


NiAsS 
(Fe. Co too. w. NI) 


Vol. on ch. without fusion 


As subl. in c.t. 


Arsenic 

T274 Sll 


As 
(Sb too. w. Ab) 


Pt Rponge in o.t. (Heat 
gently at first.) 


Pt insol in any single 
acid 


Sperrylite 
T302 S92 


PtAsi 



HON 1. 
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m. 


Color. 


Streak. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystallisa- 
tion. 


Cleavage and 
Fracture. 




Ag-wh. to 
Fe-gry. 


Blk. 


5.5-6 


5.9-6.2 


2 


Orth.; 
us. xls. 


C. prism. 
F. uneven 


34 * 


Ag-wh. to 
steel-gry. 


Blk. 


5-5-5 


7.0-7.4 


2 


Orth.; 
us. mass. 


C' basal 
F. uneven 




Gryh-blk. 


Gry-blk. 


3 


4.43-4.45 


1 


Orth.; 
us. xls. 


C. prism., per. 
F. uneven . 


,180.) 


Dk. Pb-gry. 
to Fe-blk. 


Blk. to dk. 
cherry-red 


3-4 


4.37-4.49 


1.5 


Iso. tetrh.; 
xls. & mass. 


F. uneven 




Blk. 


Blk. 


3 


6.12-6.17 


1 


Mon.; tabular 
& mass. 


F. conch. 




Sn-wh. to 
steel-gry. 


Gry. 


3-3.5 


7.2-7.75 


2 


Massive 


F. uneven 




Steel-gry. 


Gry. 


4 


7.62 


2 


Massive 


F. uneven 




Pale rdh. 
to gryh-wh. 


Ag-wh. 


3.5 


8.4-8.6 


2 


Massive 


Malleable 
F. hackly 


)0) 


Sn-wh. 


Blk. 


5.5-6 


6.4-6.6 


2.5 


Iso. pyr.; 
us. mass. 


C. oct. 
F. uneven 




Ag-wh to gry. 
w. rdh. tone 


Blk. 


5.5 


6-6.3 


2-3 


Iso. pyr.; 
us. xls. 


C. cubic, per. 
F. uneven 




Gryh-wh. 


Blk. 


5 


5.90-6.01 


2-3 


Orth. 


C. basal 
F. uneven 


fl) 


Sn-wh. 


Gryh-blk. 


5.5-6 


6.4-6.6 


2 


Iso. pyr.; 
us. mass. 


C. oct. 
F. uneven 


« 


Pale Cu-red. 


Pale 
bmh-blk. 


5-5.5 


7.33-7.67 


2 


Hex.; 
us. mass. 


F. uneven 


«) 


Sn-wh. 


Blk. 


5.5 


5.6-6.2 


2 


Iso. pyr.; 
us. mass. 


C. cubic 
F. uneven 




Sn-wh.; tar. 
dk. gry. 


Gry. 


3.5 


'5.63-5.73 


Vol. 


Hex. rhom.; 
us. gran. 


C. basal, per. 




Sn-wh. 


Blk. 


^7 


10.60 


2 


Iso. pyr. 


F. conch. 
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SECTII 





« 


Name. 


Composition. 


Easily and completely vol. 
on ch.; no Pb reac. 


Wh. slowly vol. subl. 
in o.t. 


Antimony 

T275 S12 


Sb 




SO2 and wh. non-vol. 
subl. in o.t. 


STIBNITE 

(Antimony Glance) 
T283 S36 


SbiSa 


PI) reac. after roasting and 
fus. on ch. w. **bismutn 

^1 * 1 


Ag reac. with HNOt 
sol. 


Freieslebenite 
T309 S124 


(Pb.AgOsSbiSn 


flux ' 


Cu reac. with HNOa 
sol.; steel-gry. 


Bournonite 

T310 S126 


(Pb,Cu2)aSbiS« 




No Ag or Cu. Dis- 
ting. by xln. and 
phys. characters 


Jamesonite 

(Feather Ore) 
T308 S122 


Pb.Sb,S6 




Zinkenite 
T307 SI 12 


PbSbiS* 




Boulangerite 
T309 S129 


PbsSbiSu 


Ag reac. in HNOt sol. w. 
HCl; noPb. Ag globule 
after roasting and fus. w. 
soda on ch. Subl. red to 
lilftc when only Ag, Sb, 
and S are present 


Cu rea«.*. in HNOa sol. ; 
gry. 


Freibergite 

(Ag Tetrahedrlte) 
T313 S137 


(Cu,Ag)«Sb,S7 
(Fe, Zn ISO. w. Cu«) 


Deep red to blk.; st. 
Indian-red 


Pyrargyrite 

(Ruby Silver: Dark 
Red Silver Ore) 

T311 S131 


AgaSbSa 




Blk., stout 6-sided 
(orth.) prisms 


Stephanite 

(Brittle Silver Ore) 
T314 S143 


AgaSbSi 




Blk., G-sided (mon.) 
plates; triangular 
markings on basal 
plane 


Polybaslte 

T314 S146 


(Ag,Cu).SbS« 
(As ISO. w. Sb) 




Sb and Ag reac. No S 


Dyscrasite 
T286 S42 


AgaSb 


Cu reac. in HNOa sol. No 
Pb or Ag globule w. soda 
on ch. 


May contain Pb, Ag, 
Zn, Fe, and As 


TETRAHEDRITE 

(Gray Copper) 
T312 S137 


CU8Sb,S7 

(Fe. Zn, Pb, Ag lac. ^ 
Cu; As lac. w. Sb) 



cnoN 2. 
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iOQ. 


Color. 


Streak. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Sn-wh. 


Sn-wh. 


3-3.5 


6.64-6.72 


1 


Hex. rhom.; 
us. mass. 


C. basal, per. 




Pb-gry. 


Pb-gry. 


2 


4.52-4.62 


1 


Orth.; us. xls. 


C. pinac. per. 
F. uneven 


11 


Steel-gry. 


Steel-gry. 


2-2.5 


6.2-6.4 


1 


Mon. 


F. uneven 


1 


Steel-gry. 


Fe-gry. 


2.5-3 


5.7-5.9 


1 


Orth.; us. xls. 


F. uneven 




Blkh-g^5^ 


Gryh-blk. 


2-3 


5.5-6.0 


1 


Orth.; 
us. capil. 


C. basal, per. 
F. uneven 




Steel-gry. 


Steel-gry. 


3-3.5 


5.30-5.35 


1 


Orth. 


F. uneven 




Bluish 
Pb-gry. 


Blk. 


2.5-3 


5.75-6.0 


1 


Orth. 


F. smooth 


cut} 


Steel-grj'. 


Blk., often 
rdh. 


3-4 


4.85-5.0 


1.5 


Iso. tetrh. 


F. uneven 




Deep red to 
blk. 


Purplish 
red 


2.5 


5.77-5.86 


1 


Hex. rhom.; 
hemimor. 


C. rhom. 
F. conch. 




Fe-blk. 


Fe-blk. 


2-2.5 


6.2-6.3 


1 


Orth. 


F. uneven 


1 


Fe-blk. 


Blk. 


2-3 


6-6.2 


1 


Mon. 


F. uneven 




Ag-wh. 


Ag-wh. 


3.5-4 


9.44-9.85 


1.5 


Orth.; 
us. massive 


C. basal 


.w. 
W 


Gry. to 
Fe-blk. 


Gry. to 
Fe-blk. 


3-4 


4.4-5.1 


1.5 


Iso. tetrh., 
Fig. 27 


F. uneven 



i 



1 



I 1 

II 



J 
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SECTO 






Name. 


.Composition. 


Ag globule in o.f. 
on ch. 


Contains only Ag and S. 
Sectile 


Argentite 

(SUver Ol&noe) 
T288 S46 


AgiS 


Pb globule and yel. 
subl. on ch. 


NoBi 


GALENA 

(Oalenlte) 
T287 848 


Pb8 


Cu flame on ch. af- 
ter roasting and 
moistening w. 
HCl 


Mag. in o.f. 
(StAnnite on- 
ly after long 
ign.) 


Brass-yel. 


CHALCOPYRITE 

(Copper Pyrttea) 
T297 S80 


CuFe8, 


Bmh-bronze, 
purple tar. 


BORNITE 

(Peacock Ore) 
T297 S77 


CuaFeSa 




Steel-gry.; wh. 
subl. in o.f. 


Stannite 

(Tin Pyrites) 
T315 S83 


Cu«Fe8n8« 
(Sn iso. w. Fe) 




Not mag. in 
o.f. 


Cu in r.f. after 
roasting. Co- 
vellite much 
S in c.t., 
Chalcocite 
none 


CHALCOCITE 

(Copper Glance) 
T290 855 


CuiS 




Covellite 
T294 S68 


CuS 




Ag reac. in 
HNOa sol. 


Stromeyerite 

T290 856 


(Ag,Cu)a8 


Mag. in o.f.; no 
Cu. Contains Fe, 
Co or Ni 


Pale brass-yel. Completely 
sol. in cold cone. HNOa 


PYRITE 

(Iron Pyrites; 
Fool's Gold) 
T300 884 


Fe8, 




Pale brass-yel. to wh. 
S separates from cold cone. 
HNO3 sol. 


MARCASITE 

(White Iron Pyrites) 
T302 894 


Fe8, 




Bmh-bronze; us. mag.; st. blk. 


PYRRHOTITE 

(Magnetic Pyrites; 
Mundlc) 
T296 873 


Fe8 
(Nl ISO. w. Fe) 




Zn reac. w. soda on ch. Sub- 
metallic luster 


SPHALERITE 

(Zinc Blende; 
Black Jack) 
T291 859 


ZnS 
(Fe, Mn ISO. w. Zn) 




Ni in borax bd. after roasting. 
HNOa sol. grn. MiJlerite 
capillary xls. or velvety 
crusts; Pentlandite gives Fe 
ppt. w. am. from HNO3 sol. 


Millerite 

(Hair Pyrites) 
T295 870 


Ni8 




Pentlandite 

T293 865 


(Fe,Ni)S 




Co in borax bd. after roasting. 
HNO3 sol. rose col. 


Linnaeite 

T297 878 


(Co,Ni),S4 
(Fe, Cu ISO. w. Co) 




Ag globule w 
Makes flexibh 


borax on ch. 
3 


Stern bergite 
T290 857 


AgFe283 



>N 3. 
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Color. 



Blkh-gry. 



Pb-gry. 



Brass-yel. 



Brnh-red 
bronze 
Purplish tar. 



Steel-gry. to 
Fe-blk. 



Streak. 



Blkh-gry. 



Pb-gry. 



Grnh-blk. 



Pale 
gryh-blk. 



Dk. Pb-gry. 
Blkh. tar. 



Indigo-blue 



Dk. steel-gry. 



Blkh. 



Hard- 
ness. 



2-2.5 



2.5 



3.5-4 



Dk. Pb- 
gry. 



Pb-gry. to 
blk. 



2.5-3 



1.5-2 



Dk. steel- 
gry. 



Pale brass- 
yel. 



Grnh-blk. 
to brnh- 
blk. 



Pale yel. to al- 
most wh. 



Gryh. or 
brnh-blk. 



Yelh-brh. 
bronze 



Blk. 



Dk. brn. to 
blk. 



Lt. to dk. 
brn. 



Brass-yel. 



Grnh-blk. 



Lt. bronze 
yel. 



Lt. bronze 
to brn. 



6-6.5 



6-6.5 



Specific 
Gravity. 



7.2-7.36 



7.4-7.6 



4.1-4.3 



4.9-5.4 



4.3-4.5 



5-5.8 



4.59-4.64 



2,5-3 6.15-6.3 



O . O 4 . O 



Fusi- 
bility. 


Crystalliza- 
tion. 


1.5 


Iso. 


2 


Iso. ; us. xls. or 
gran. 


2 


Tet. sphenoid- 
al; us. mass. 


2.5 


Iso.; us. mass. 


1.5 


Iso. tetrh.; 
us. mass. 


2-2.5 


Orth.; 
us. mass. 


2.5 


Hex.; us. mass. 


1.5 


Orth. ; 
us. mass. 



Cleavage and 
Fracture. 



F. conch. 



C. cubic, per. 



F. uneven 



F. uneven 



4.95-5.10 2.5-3 



Iso. pyr. 
Figs. 28, 30 



F. uneven 



F. uneven 



C. basal, per. 



F. uneven 



F. uneven 



4.85-4.90 



2.5-3 Orth.; tabu- 
lar; pry am. 



4.58-4.65 



3.5-4 



3-3.5 



3.5-4 



Pale steel-gry.; Gryh-blk. 
tar. Cu-red ' 



Brnh-bronze Blk. 



5.5 



1-1.5 



3.9-4.1 



5.3-5.65 



4.6 



4.8-5 



4.1-4.22 



2.5-3 



1.5-2 



F. uneven 



Hex.; 
us. mass. 



P. basal 
F. uneven 



Iso. tetr.; 
us. mass. 



C. dodec, per. 



Hex.rhom.; 
us. capil. 



C. rhom. 
F. uneven 



1.5-2 



1.5 



Iso. 



Iso. 



C. oct. 
F. uneven 



F. uneven 



Orth. 



C. basa , per. 
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SECTION 







Name. 


Composition. 


Bi reac. w. "bis- 
muth flux" 


Contains only Bi and S 


Bismuthinite 

(Bismuth Glance) 
T284 838 


BisS. 


Mn in borax bd. 
after roasting 


HiS in HCl 


Alabandite 

T292 S64 


MnS 


Rdh-violet sol. when gently heated in cone. HzSO^. 
— Tellurium minerals. 


See Section 4. 





SECT 



Native metal, malleable 


Cu reac. w. HNOi sol. 


COPPER 

T278 S20 


Cu 




Ag reac. w. HNOs sol. 
(Cp. amalgam below) 


SILVER 

T278 S19 


Ag 
(Somet. w. Au, Cu, 




Insol. in HNOi; us. some 
Ag 


GOLD 

T275 S14 


Au 
(Qs. w. someAg) 




Insol. in HNOs; much Ag 


ELECTRUM 

T276 S15 


(Au.Ag) 




Grnh-yel. subl. w. "bis- 
muth flux" on ch. 


Lead 
T279 S24 


Pb 


Native metal, brittle or 
liquid 


Bright red subl. on ch. w. 
"bismuth flux" 


Bismuth 

T275 S13 


Bi 




Hg subl. in c.t.; amal- 
gam leaves Ag res. 


Mercury 
(Quicksilver) 
T279 S22 


Hg 




Amalgam 
T279 S23 


(Ag.Hg) 


Mag. or be- 
comes so 
in r.f .Con- 
tains Fe 

(Cp. the 
dark mi- 
cas, sec. 
23, which 


Little or no 
HiO in c.t. 

(Continued 
next page) 


Strongly mag. before 
heating 


MAGNETITE 

(Magnetic Iron Ore: 

Lodeetone) 
T339 S224 


FeFet04 

(Somet. Mg, Mn. 1 


Nonmag. or but slightly 
so before heating 


HEMATITE 

(Specular Iron) 
T334 S213 


FeiOi 


are some- 
times sub- 
metallic) 


Martite 
T336 S216 


FetOi 



3 — CorUinuied. 
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Color. 


Streak. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Lt. Pb-gry. 


Lt. Pb- 
gry. 


2 


6.4-6.5 


1 


Orth.; 
us. mass. 


C. pinac, per. 




Fe-blk. 
Bm. tar. 


Olive-gm. 


3.&-4 


3.95-4.04 


3 


Iso. tetr.; 
us. mass. 


C. cubic, per. 



















[ON 4. 





Cu-red, 
Tar. blk. 


Cu-red, 
shiny 


2.5-3 


8.8-8.9 


3 


Iso.; 
us. mass. 


F. hackly 


Bg) 


Ag-wh.; tar. 
gry. to blk. 


Ag-wh., 
shiny 


2.5-3 


10.1-11.1 


2 


Iso. ; us. acic. 
plates or 
mass. 


F. hackly 




Au-yel 


Au-y«l., 
shiny 


2.5-3 


15.6-19.33 


2.5-3 


Iso.; 
us. mass. 


F. hackly 




Yelh-wh. 


Yelh-wh., 
shiny 


2.5-3 


12.5-15.5 


2-2.5 


Iso. 


F. hackly 




Pb-gry. 


Pb-gry., 
shiny 


1.5 


11.37 


1 


Iso.; us.plates 
and globular 


F. hackly 




Ag-wh., rdh. 
hue 


Ag-wh., 
shiny 


2-2.5 


9. 7-9. S3 


1 


Hex. rhom.; 
us. gran. 


C. basal, per. 




Sn-wh. 






13.596 


Vol. 


Liquid 












Ag-wh. 


Ag-wh., 
shiny 


3-3.5 


13.75-14.1 


• • • • 


Iso. 


F. uneven 


) 


Fe-black 


Blk. 


5.5-6.5 


5. 17-5. IS 


5-5.5 


Iso.; 
zls., mass. 


F. uneven 
P. Oct. 




Steel-gry. to 
Fe-blk. 


Dk. red to 
brnh-red 


5.5-6.5 


4.9-5.3 


5-5.5 


Hex. rhom. 


F. uneven 
P. bas. or rhom. 




Fe-blk. 


Rdh-brn. 
to pur- 
plish-brn. 


6-7 


4.8-5.3 


5-5.5 


Iso. 


F. conch. 
P. oct. 
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SECTION 







Name. 


Composition. 




Much HsO 
in c.t. 


Botryoidal, stalactitic, 
amorphous 


LIMONITB 

(Brown Hematite; 
Bog Iron Ore) 
T350 8250 


Fe»(OH)«FejOt, 




Prismatic xls. 


QOETHITE 

(Gdthlte) 
T349 S247 


FeO(OH) 




Rdh-blk.; st. dark rdh- 
bm. 


TURQITE 

(Hydrohematlte) 
T3o0 S245 


[(FeO(OH)],Fej C 


Cu globule in r.f. on ch. 


Cuprite submetallic lus- 
ter; Tenorite in scales 
or earthy 


CUPRITE 

T331 S206 


CutO 




Tenorite 
(Melaconlte; 
Paramelaconlte) 
T332 S209 


CuO 


W reac. after fus. w. soda 
Mag. w. little soda 


Mn in soda bd. 
(Cp. hiibnerite) 


WOLFRAMITE 

T539 S982 


(Fe,Mn)WO« 




Little or no Mn reac. • 


Perberjte 

S985 


FeWO* 


Mn in borax bd. 


Slowly sol. in HCl w. a 
little gel. sil. 


Braunite 
T343 S232 


3MnMnOs.MnSiC 


Cb reac. after fus. w. 
borax 


Mn in soda bd. Mag. w. 
little soda 


COLUMBITE 

T490 S731 


(Fe,Mn)Cb,0« 




Mn in soda bd.; U in s. 
ph. bd. 


Samarskite 
T492 S739 


R",R'",(Nb,Ta),( 
R"-Fe. Ca,UOi 
R'"-Ceand YmetJ 


Gel. sil. in HCl sol. on 
evaporation 


Fus. w. much intumes. 
Insol. in HCl after fus. 


Ailanite 

(Orthlte) 
T440 S522 


R",R'".(OH)(SiO 
R''-CaandFe 
R'"-Al.Fe,ACenM 




Strongly mag. after fus. 
Little intumes. 


livaite 

(Llevrlte) 
T445 S541 


CaFea(FeOH)(SiC 


Te minerals 
Gently 
heated in 
conc.HsSO* 
gives rdh- 
violet sol. 


Fus. and 
wholly 
vol. 


Wh. subl. near assay; 
grn. flame 


Tellurium 
T275 Sil 


Te 


Ap globule 
in o.f . 


May contain Au also 


Hessite 

T289 S47 


AgjTe 
(Au too. w. Ag) 




Au w. soda 
on Ch. Us. 
w. some 
Ag 

(Continued 
next page) 


Slightly sectile to brittle 


Petzite 

T289 S48 


(Ag,Au)iTe 




Very brittle; cleavable. 
Krennerite decrepitates 
violently b.b. 


Sylvanite 

T304 S103 


(Au,Ag)Te, 




Krennerite 

T305 S105 


(Au,Ag)Te, 



I — ConUnved. 
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Ck)lor. 


Streak. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystallixa- 
tion. 


Cleavage and 
Fracture. 




Dk. bm., blk., 
yel. 


Yelh-bm. 


5-5.5 


3.6-4 


5-6.5 


Fibr. ; mass. 


F. splintery 




Yelh. or redh- 
bm. to blk. 

i 


Yelh-bm. 


5-5.5 


4-4.4 


5-5.5 


Ortb.; us. 
prisms 


C. pinac, per. 


1 


Rdh-blk. 


Dk.rdh- 
bm. 


5.5-6 


4.14-4.6 


5-5.5 


Botry.; 
incrust. 


F. splintery 




Deep red 


Bmh-red 


3.5-4 


5.85-6.15 


2.5-3 


Iso. 


F. conch, 
or uneven 




Fe-gry. to 
blk. 


Gryh-blk. 


3-4 


5.82-6.25 


3 


Mon.; mass. 


C. basal, per. 
F. conch, to 
uneven 




Dk. gryh-blk. 
to bmh-blk. 


Blk. 


5-5.5 


7.2-7.5 


3-:^.5 


Mon. ; us. xls. 


C. pinac. per. - 
F. uneven 




Blk. 


Bmh-blk. 


4-4.5 


6.8-7.11 


3.5 


Mon. 


C. pinac, per 
F. uneven 


1 


Dk. brnh-blk. 
to steel-gry. 


Bmh-blk. 
to steel-gry. 


6-6.5 


4.75-4.82 


4.5-5 


Tetr. 


C. pyram., per. 
F. uneven 




Fe-blk. to 
brnh-blk. 


Dk. red 
to blk. 


6 


5.3-7.3 


5-5.5 


Orth.;us. xls. i 


F. uneven 


tl 

l8 


Velvet-blk. 


Dk. rdh.- 
bm. 


5-6 


5.6-5.8 


4.5-5 


Orth. : us. mass. 


F. conch. 




Bm. to pitch- 
blk 


Gry. 


5.5-6 


3^.2 


2.5 


Mon. : us. mass. 


F. uneven to 
conch. 


i)t 


Fe-blk. 


Blk. 


5.5-6 


3.99-4.05 


2.5 


Orth.; us. 
prism. 


F. uneven 




Sn-wh. 


Sn-wh. 


2-2.5 


6.1-6.3 




Hex. rhom. ; 
us. mass. 


C. prism., per. 




Steel-gry. to 
Pb-gry. 


Gry. 


2.6-3 


8.3-8.5 




Iso.; us. mass. 


F. uneven 




Steel-gry. to 
Fe-blk. 


Gry. 


2.5-3 


8.7-9.02 


1.5 


Massive 


F. uneven 




Steel-gry. to 
Ag-wb. 


Gry. 


1.5-2 


7.9-8.3 




Mon. 


C. pinac, per. 
F. uneven 




Ag-wh. to 
brass-yel. 


Gry. 


2.5 


8.35 




Orth.; us. 
prism. 


C. basal, per. 



76 



SECTION 







Name. 


Composition. 






Very brittle; uneven to 
conchoidal fract. 


Calaverite 

T305 S105 


(Au,Ag)Te2 




Bi w. soda 
on ch. 


Red subl. on ch. w. "bis- 
muth flux" 


Tetradymite 

T284 S39 


Bi,(Te,S), 




Pb w. soda 
on ch. 


PbS04 ppt. w. H2SO, in 
HNO3 sol. 


Altai te 
T288 S51 


PbTe 




Nagyagite 
T305 S105 


Au, Pb, Sb, Te, S 



SECTI' 



Strongly mag. 
before heating 
ing. (Cp. plat- 
inum, which 


Completely sol. in HCl; sol. reac. 
for both ferrous and ferric Fe. 
(Cp. ilmenite, below) 


MAGNETITE 

(Magnetic Iron Ore; 

Lodestone) 
T339 S224 


FeFeaO^ 
(Somet. Mg. Mn. Ti: 


is sometimes 
mag.) 


Malleable. Meteoric Fe and 
some terrestrial Fe contains Ni 


Iron 

(Meteoric Iron) 
T281 S28 


Fe 

(Us. w. some Nl) 


Ti in s. ph. bd. w. 
Sn on ch. 


Disting. by xln. and phys. proper- 
ties; ilmenite somet. slightly 
mag. 


ILMENITE 

(Menaccanite; 
Titanic Iron) 
T336 S217 


FeTiO. 
(Often also FesOi: sor 
Mg) 




Pseudobrookite 
T343 S232 


Fe4(Ti04)« 


Mn in soda bd. 


Wh. ZnO subl. on intense ign. w. 
soda, borax, and powdered ch. 
on ch. ; grn. w. Co(NO«)t 


FRANKLINITE 

T341 S227 


(Fe,Zn,Mn) 
(Fe,Mn)204 


Little or no H2O 
in c.t. 


Sometimes slightly mag. before 
heating. Dif. fus. 


HEMATITE 

(Specular Iron) 
T334 S213 


FejOj 




Martite 
T336 S216 


FeaOi 


HjO in c.t. Dif. 
fus. 


Mammillary, botryoidal, stalac- 
titic, amorphous 


LIMONITE 

(Brown Hematite; 

Bog Iron Ore) 
T350 S250 


Fe2(OH)«FejOi 




Us. prisms 


GOETHITE 

(Gothlte) 
T349 S247 


FeO(OH) 




Us. decrepitates violently in c.t. 


Turgite 

(Hydrohematlte) 
T350 S245 


[FeO(OH)],Fe,0. 



i—Coniimted. 
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Color. 


Streak. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Pale bronze- 
yel. 


Yelh-gry. 


2.5 


9.04 


1 


Massive 


F. uneven 




Pale steol- 


Gry. 


1.5-2 


7.2-7.6 


1.5 


Hex. rhom.; 
us. bladed 


C. basal., per. 
Laminae flex. 




Sn-wh.; tar. 
bronze-yel. 


Gry. 


3 


8.16 


1.5 


Iso. ; us. mass. 


C. cubic 




Dk. Pb-gry. 


Dk. Pb- 
gry. 


1-1.5 


6.85-7.2 


1.5 


Orth. ; us. fol. 


C. pinac, per. 
Laminae flex. 



3N 5. 





Fe-blk. 


Blk. 


5.5-6.5 


5.17-5.18 




Iso.; xls., 
mass. 


P. oct. 
F. uneven 




Steel-gry. 


Steel-gry. 


4-5 


7.3-7.8 




Iso. ; us. mass. 


C. cubic 
F. hackly 


let. 


Fe-blk. Blk. to 

brnh-red 


5-6 


4.5-5 




Hex. rhom. ; us. 
plates or 
mass. 


F. conch. 




Dk. brn. to 
blk. 


Yelh. or 
rdh-brn. 


6 ! 4.4-4.98 




Orth. 


F. uneven 




Fe-blk. 1 Rdh-brn. 

to blk. 


5.5-6.5 


5.07-5.22 




Iso.; gran., 
mass. 


P. Oct. 
iF. uneven 




Steel-gry. to 
Fe-blk. 
Earthy, red 


Cherry-rd 
brnh-red 


5.5-6.5 


4.9-5.3 




Hex. rhom. 


F. uneven, 
scaly, or fibr. 




Fe-blk. 


Purplish or 
rdh-brn. 


6-7 


4.8-5.3 




Iso. ; us. xls. 


P. Oct. 
F. coLch. 




Brn. to blk. 
Earthy, yel. 


Yelh-bm. 
Yel. ocher 


5-5.5 


3.6-4 




No xls. ; us. 
mass, or fibr. 


F. splintery 




Dk. brn. to 
blk. 


Brnh-yel. 
to ocher- 
yel. 


5-5.5 


4.0-4.4 




Orth.; us. 
prisms 


C. pinac, per. 
F. uneven 


i 


Blk. to 
rdh-blk. 


Brnh-red 


5.5-6 


4.14-4.6 




Mass. or 
mammil. 


F. splint. 
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SECTI 







Name. 


Compositic 


Little or no H3O 
in c. t. 


in c.t. 


PYROLUSITE 

T347 S243 


MnOs 
(A little H2O) 




Slowly sol. in HCl w. gel. sil. 


Braunite 

T343 S232 


3MnMnOs.MnSi< 




No gel. sil. 


Hausmannite 
T342 S230 


MnsOi 


Much HiO in c.t. 


Prismatic xls. ; us. striated 


MANQANITE 

T349 S248 


MnO(OH) 




Amorphous; us. Ba rep.c. in HCl 
sol. Botry., reniform, stalac- 
titic 


PSILOMELANE 

T352 8257 


(Hi,Mn)sMnOs 




Dull, earthy, frothy, powdery, or 
reniform and compact 


WAD 

(Bog Manganese) 
T352 S257 


MnO. MnO,.HtO 
(Often Fe, 81. Al. B 



SECTI 



Verj' soft. Soils 
fingers and 
marks paper 
easily 



Cr in borax or s. 
ph. bd. 



Ti reac. in s. ph. 
bd. on ch. w. 
Sn; or in HCl 
sol. after fus. 
w. borax 



S and Mo reac. in o.t. Yel-grn. 
flame 



No reac. in o.t. Very refractory 
b.b. 



Mag. on intense ign. w. equal amt. 
of soda on ch. (except varieties 
with much Mg and Al) 



Mag. on intense ign. w. equal amt. 
of soda on ch. 



Submetallic to adamantine luster; 
us. prismatic xls. 



Similar to Rutile. Disting. by xl. 
habit and phys. properties. 
Brookite us. tabular xls. 



Ca reac. in HCl sol. after fus. w. 
soda and precipitating Ti w. am. 



MOLYBDENITE 

T285 S41 



GRAPHITE 

(Plumbago; 

Black Lead) 
T273 S7 



CHROMITE 

(Chromic Iron) 
T341 S228 



ILMENITE 

(MenAccanlte; 
Titanic Iron) 
T336 S217 



RUTILE 

T345 S237 



Octahedrite 
T346 S240 



Brookite 

T347 S242 






Perovskite 

(Perofaklte) 
T487 S722 



M0S1 



FeCrtO* 
(Mg ISO. w. Fe: Al a 
Fe"' too. w. Cr) 



FeTiO. 
(Some FesOi and 1^ 



TiOi 
(Us. a little Fe) 



TiOi 



TiOi 



CaTiOs 

(Fe ISO. w. Ca) 



ION 6. 
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ion. 


Color. 


Streak. 


Hard- 
ness. 


Specific 
Gravity. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Fe-blk. 


Blk. 


2-2.5 


4.73-4.86 


Pseudm., mass. 


F. splint. 


iOt 


Dk. bmb-blk. 
to steel-gry. 


Bmb-blk. 


6-6.5 


4.75-4.82 


Tetr.; us. 
pyram. 


C. pyram., per. 
F. uneven 




Bmb-blk. 


Chestnut- 
bm. 


5-5.5 


4.72-4.856 


Tetr.; us. 
pyram. 


C. basal 
F. uneven 




Steel-gry. to 
Fe-blk. 


Rdh-brn. 
to blk. 


4 


4.2-4.4 


Orth.; prism. 


C. pinac, per. 
F. uneven 




Fc-blk. 


Bmb-blk. 


5-6 


3.7-4.7 

1 


Massive 


F. uneven 


) 
Ba) 


Bluish or 
brnh-blk. to 
dull blk. 


Brnh-blk. 
to blk. 


1-6 


3-4.26 


Amorph. 


F. uneven 



ION 7. 





Pb-gry. 


Gryh-blk., 
grnh. on 
glazed 
paper 


1-1.5 


4.7-4.8 


Hex.(?); fol. 


C. basal, per.; 
flex. 




Fe-blk. to dk. 
steel-gry. 


Gryh.-blk. 


1-2 


2.09-2.23 


Hex. rhom. ; 
fol. 


C. basal, per.; 
flex. 


md 


Fe-blk. to 
brnh-blk. 


Dk. brn. 


5.5 


4.32-^.57 


Iso. ; us. mass. 


F. uneven 


Kg) 


Fe-blk. 


Bmh-red 
to blk. 


5-6 


4.5-5 


Hex. rhom. ; 
us. mass, or 
plates 


F. conch. 




Rdh-bm. to 
blk. and yelh. 


Pale bm. 


6-6.5 


4.18-4.25 


Tetr. ; us. xls. 


C. prism. 
F. uneven 




Bm. to dk. 
blue and 
blk. 


Cols. 


5.5-6 


3.82-3.95 


Tetr.; us. 
pyram. 


C. basal and 

pyram. 
F. conch. 


• 


Hair bm. to 
blk. 


Cols, to 
gryh. or 
yelh. 


5.5-6 


3.87-4.08 


Orth.; us. xls. 


F. uneven 




Yel. and brn. 
to blk. 


Cols, to 
gryh. 


5.5 


4.017- 
4.039 


Iso. 


C. cubic 
F. uneven 
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SECTION 







Name. 


CompositicHi 


Cb reac. after 
fus. w. soda or 
borax, dissolv- 
ing in HCl, 
and boiling w. 
Sn 


W. little soda becomes mag.; us. 
Mn reac. also 


COLUMBITB 

T490 S731 


(Fe,Mn)Cb20. 
(Ta too. w. Cb; m 
Sn and W) 


Tantalite 
T490 S731 


(Fe,Mn)Tai06 
(Cb too. w. Ta; i 
Sn and W) 




Disting. by st. and dull exterior 


Ferguson ite 

T490 S729 


Y(Cb,Ta)0« 
(Er. Ce. 17 too. w. : 




H»0 in c.t. ; turns yel. 


Yttro tantalite 
T492 S738 


(Ca.Fe)(Y.Er) 
(Ta,Cb)40».4ffi 
(Also US. Ce, U. an 


U in 8. ph. bd. 

Little or no Cb 


Very heavy; sol. in dil. HtSO^ 
w. slight evolution of gas (He) 


Uraninite 

(Pitchblende) 
T521 S889 


Uranate of Pb a 

(Atoo Th. La. Y, C 

He. A. and us. I 


Pt or metals of 
the Pt group 
[Cp. sperrylite 
(Sec. 1) and 
the black micas 
(Sec. 23)]. 


Malleable; b.b. unaltered; some- 
times mag. 


Platinum 

T280 S25 


Pt 
(Ua w. Fe, Ir, Os) 


Slightly malleable to brittle; Os 
in o.t. 


Iridosmine 
(Osmlrldlum) 
T280 S27 


(Ir,08) 
(Somet. Rb. Pt, Ri 




No reac. for Os 


Iridium 
T280 S27 


Ir 
(W. Pt. Os. etc.) 

, t 



SECl 



Burns w. blue flame 
and SOi fumes 


Subl. in c.t. is red liquid while 
hot* yel. solid when cold 


SULPHUR 

T273 S8 


S 
(Us. clay, bitumen 


AssOa subl. on ch.; 
wh. xln., vol.; far 
from assay 


Subl. in c.t. deep red, nearly 
blk. when hot; a rdh-yel. 
• transp. solid when cold 


REALGAR 

T282 S33 


AsS 


ORPIMENT 

T282 S35 


AsiSi 




Vol. on ch. ; AssOs, subl. in c.t. 


Arsenolite 
T330 S198 


AsiOi 


SbiOs subl. on ch.; 
dense wh. and 


SOs in o.t. 


Kermesite 

T305 S106 


SbtStO 


near assay 


Easily fus. in c.t. w. slight wh. 
subl. 


Scnarmontite 

T330 S198 


Sb«0. 




Valentinite 

T330 S199 


SbiOi 



7 — Continued, 
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k. 


Color. 


Streak. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


kiUttle 


Fe-blk. to 
gryh. and 
brnh-blk. 


Dk. red 
to blk. 


6 


5.3-6.5 




Orth.; us. 
prisms 


F. uneven 


0. 
hiiight 


Blk. 


Blk. 


6 


6.5-7.3 




Orth. 




iiF) 


Brnh-blk. 


Pale bm. 


5.5-6 


4.3-5.8 




Tetr.; us. la- 
mellar 


F. uneven 

• 


.SO 

tidW) 


Yel. to brn. 
and blk. 


Cols, to 
gry. 


5-5.5 


5.5-5.9 




Orth.; us. 
prisms 


F. conch. 


ftndU 

ilhi. N. 
liIsO) 


Gryh., smb., 
or brnh-blk. 


Brnh-blk. 


5.5 


9-9.7 




Iso. ; us. mass. 


F. conch., un-' 
even 


,01 


Whh.steel-gry. 


Giv., 
shmy 


4-4.5 


14-19 




Iso. ; us. grains 
or scales 


F. hackly 


flW 


Sn-wh. to It. 
steel-gry. 


Gry. 


6-7 


19.5-21.2 




Hex. rhom.;u8. 
flat grains 


C. basal, per. 


kA 


Ag-wh., tinge 
of yel. 


Gry. 


6-7 


22.6-22.8 




Iso. 


F. hackly 



fflON 8. 





Luster 




gietc.) 


Pale yel. to 
brnh. and 
grnh-yel. 


Resinous 


1.5-2.5 


2.05-2.09 




Orth. 
Figs. 56, 57 


F. conch, to 
uneven 




Aurora-red 
& orange-yel. 


Resinous 


1.5-2 


3.556 




Mon. ; us. xls. 


C. pinac. 
F. conch. 




Lemon-yel. 


C. pearly; 
refrinous 


1.5-2 


3.4-3.5 




Mon.; us. fol. 


C. pinac, per.; 
striated ; flex. 


* 


Cols, to wh. 


Vitreous 
or silky 


1.5 


3.70-3.72 




Iso; us. capil. 


F. uneven 




Cherry-red 
to brnh-red 


Adaman- 
tine 


1-1.5 


4.5-4.6 




Mon. ; us. acic. 


C. pinac, per. 




Cols, to wh. 
and gryh. 


Resinous 

• 


2-2.5 


5.22-5.3 


1.5 


Iso. 


F. uneven 




Cols, to wh., 
rdh., or brnh. 


Adaman- 
tine 
C. pearly 


2.5-3 


5.566 


1.5 


Orth.; 
us. prism. 


C. pinac, per.^ 
also prism. 
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SECTION 







Name. 


Composition. 


Hg Bubl. in c.t. w. 
soda that has been 
dried by previous- 
ly heating nearly 
to redness 


SOf and Hg in o.t.; blk. subl. 
in c.t. 


CINNABAR 

T293 866 


HgS 
(Us. w. FesOs, clay, ki 
men) 


CI reac. w. AgNOi after soda 
fus. 


Calomel 
T317 S153 


Hg«Cls 


K or Na flame color; 
sol. in HfO 


Alkaline residue after ign.; 
wholly vol. only by pro- 
longed heating 


Section 16 





SECTI 



CO« efferv. in warm 
dil. acids 


In c.t. dark yel. while hot; us. 
decrepitates 


CERUSITB 

T363 S286 


PbCOi 




In c.t. wh. PbCU subl. which 
fus. to cols. 


Phosgenite 
T364 S292 


(PbCl),CO« 




HCI sol. w. BaCls gives wh. 
ppt. BaS04 


Leadhillite 
T529 S921 


Pb,(PbOH), 

(CO.)»9 


S. reac. in fus. w. 
soda; sol. in dil. 
HCl; PbCl, ppt. 
on cooling 


Little or no HsO in c.t. 


ANQLESITE 

T527 S907 


PbSO* 


HsO in c.t.; Cu reac. in HCl 
sol. 


LInarite 

T530 S927 


[(Pb,Cu)OH]tSO« 




Caledonite 

T530 S924 


[(Pb,Cu)OH]^04 


HNOa sol. reacts for 
P w. am. mol. 


In c.t. slight wh. subl. PbCls 


PYROMORPHITE 

T499 S770 


Pb4(PbCl)(PO«)l 

(Often also Ca and A 


As subl. in c.t. w. ch. 


Wh. ppt. AgCl w. AgNO.in 
HNOi sol. 


Mimetite 

T500 S771 


Pb«(PbCl)(A804). 
(Often also Ca and 1 


V in s. ph. bd. 


Wh. ppt. AgCl w. AgNOi in 
HNOs sol. 


Vanadinite 
T500 S773 


Pb4(PbCI)(V04)» 
(Somet. P and As) 




H2O in c.t. Reacts for Zn. 
Cuprodescloizite contains Cu 


Descloizite 

(CuprodeacloWte) 
T505 S787 


(Pb,Zn)[(Pb,Zn)0 


Cr in s. ph. bd. 


St. orange-yel. 


Crocoite 
T529 S913 


PbCrOi 


Mo in s. ph. bd. (in o.f. yelh-gm., in r.f. dark gm.) 


Wulfenite 

T541 S989 


PbMo04 
(Ca somet. Iso. w. Fb 


Not included above. In o.f. on ch. fus. to yel. glass; . 
in r.f. globule of metallic Pb without fluxes 


Massicot 
T332 S209 


PbO 
(U& Impure) 



(H8 — Cordiwied. 



ss 



k 


Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


Mtu- 


Cochineal-red 
to brnli. 


Adaman- 
tine 


2-2.5 


8.0-8.2 


Vol. 
1.5 


Hex. rhom. 


C. prism., per. 
F. uneven 




Gols., wh., 
or gry. 


Adaman- 
tine 


1-2 


6.482 


Vol. 
I 


Tetr. 


F. conch. 
Sectile 



















OON 9. 



• 


Cols, to wh. 
and gry. 


Adaman- 
tine 


3-3.5 


6.46-6.57 


1.5 


Orth. 


F. conch. 




Cols., wh.,gry. 
and yel. 


Adaman- 
tine 


2.75-3 


6.0-6.3 


1 


Tetr.; us. xls. 


C. prism, and 
basal 


W04 


Cols.,wh.,yel., 
grn., or gry. 


C. pearly. 
Resinous 


2.5 


6.26-6.44 


1.5 


Mon. ; us. tab. 


C. basal, per. 
F. uneven 




Cols., wh., 
yelh., grnh. 


Adaman- 
tine to 
vitreous 


2.75-3 


6.3-6.39 


2.5 


Orth. ; us. xls. 


C. basal and 

prism. 
F. conch. 


n 


Azure-blue 


Vitreous 


2.5 


5.3-5.45 


1.5 


Mon. 


C. pinac, per. 
F. conch. 


ft 


Bhiiflh-gm. 


Resinoua 


2.5-3 


6.40 


1.5 


Orth. 


C. basal, per. 


118) 


Grn., yel., 
bm. and wh. 


Resinous 


3.5-4 


6.5-7.1 


2 


Hex.; us. 
prism. 


F. uneven 


IP) 


Cols., yel., 
orange, brn. 


Resinous 


3.5 


7.0-7.25 


1.5 


Hex.; us. 
prism. 


F. uneven 


1 


Ruby-red, 
bm., yel. 


Resinous 


2.75-3 


6.66-7.10 


1.5 


Hex.; us. 
priHin. 


F. uneven 


K>4 


Bmh-blk. to 
red. 


Greasy 


3.5 


5.9-6.2 


1.5 


Orth.; us. xls. 


F. uneven 




Bright red 


Adaman- 
tine to 
vitreous 


2.5-3 


6.0-6.1 


1.5 


Mon. ; us. xls. 


F. uneven 


» 


Yel., orange- 
red, gry.,wh. 


Resinous 
to ada- 
mantine 


2.75-3 


6.7-7.0 


2 


Tetr. ; us. tab. 


C. pyram. 
F. uneven 




S-yel. to rdh- 
yel. 


Dull 


2 


7.83-9.36 


1.5 


Mass., scaly 
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SEd 





• 


Name. 


Composition. 


Deep red col. 
(Hydrocuprite 
orange) 


Strong sol. in HCl gives wh. 
ppt.Cu CI when much diluted 
(a cuprous compound) 


CUPRITE 

(Hydrocuiyrlte) 
T331 S206 


CutO 
(OH in hydrocuprii 


COi eflferv. in HCl 


HiO in c.t. Disting. by color 


MALACHITE 

T364 S294 


(CuOH),CO, 




AZURITE 

T365 S295 


Cu(CuOH)i(C03); 


Blue flame col. 


HjO in c.t. 


Atacamlte 
T322 S172 


Cu(CuCl)(OH), 


S reac. in fus. w. 
soda 


Much H»0 in c.t. Sol. in HiO 


Chalcanthite 
T534 S944 


CuS04.5HjO 




Acid HiO on intense ign. in c.t. 


Brochantite 

T530 S925 


[Cu(0H),l,CuSO4 


As fumes on ch. ; As 
mirror w. ch. in 
c.t. ; deflagrates 
on ch. 


B.b. cracks and fus. Gel. 
Al(OH)i ppt. w. am. in HCl 
sol. 


Liroconite 
T514 S853 


[CuAl(OH)J«Cu,A 
(AsO4)5.20H 


Globule xln. after fus. Eu- 
chroite much H2O in c.t.; 
others little H»0 at red heat. 
Disting. by phys. properties 


Clinoclasite 
T505 S795 


(CuOH),A80« 

• 




Olivenlte 

T504 S784 


Cu(CuOH)A804 




Euchroite 
T511 S838 


Cu(CuOH)As043H 




Decrep. and gives much HiO 
in c.t.; res. of olive-grn. scales 


Chalcophyllite 
T511 8840 


Cu(OH),[(CuOH), 
As04]j.lOHj 


P reac. w. am. mol. 


U in s. ph. bd. Micaceous 


Torbernlte 

T515 8856 


Cu(UO,)i(PO«)r- 

.8H, 




HiO and blackens in c.t. 


Libethenite 
T504 8786 


Cu(CuOH)P04 



SECTIC 



SO2 fumes and wh. 
subl. of AssOs or 
SbaOa in c.t. 
(Cp. polybasite) 



Abund. publ. in c.t., deep red 
hot, rdh-yel. cold; slight 8 
subl. above it 



Slight subl. in c.t., blk. hot, 
red-brn. cold; slight 8 subl. 
above it. 



Proustlte 

(Ruby Silver) 
T311 S134 



Pyrargyrite 

(Ruby Silver; Dark 

Red Silver Ore) 
T311 S131 



AgsAsSi 



AgiSbSi 
(Somet. As iao. w. 8b] 



ON 10. 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi;- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


1 

) 


Ruby-red to 
rdh-blk. 
(Orange) 


Adaman- 
tine to 
earthy 


3.5-i 


5.85-6.15 


3 


Iso. 

(Hydrocuprite 
earthy) 


F. conch, or 
uneven 




Bright gru. 


Vitreous, 
silky, or 
duU 


3.6-4 


3.9-4.03 


3 


Mon.; us. 
bo try. 


C. basal, per. 
F. uneven 




Azure-blue 


Vitreous 


3.5-i 


3.77-3.83 


3 


Mon. ; us. xls. 


F. conch. 




Emerald-grn. 


Adaman- 
tine to 
vitreous 


3-3.5 


3.75-3.77 


3-4 


Orth.; us. 
prism. 


C. pinac, per 
F. conch. 




Deep azure- 
blue 


Vitreous 


2.5 


2.12-2.30 


3 


Tri. 


F. conch. 




Deep emerald 
grn. 


Vitreous 


3.5-4 


3.907 


3.5 


Orth. ; us. xls. 


C. pinac., per. 
F. uneven 


) 


Sky-blue to 
grnh. 


Vitreous 


2-2.5 


2.882- 
2.985 


3-3.5 


Mon. ; us. xls. 


F. uneven 




Dk. grn. to 
bluish-grn. 


Vitreous ; 
C. pearly 


2.5-3 


4.19-4.37 


2-2.5 


Mon. 


C. basal, per. 




Blkh-gm. to 
olive-grn. 
and brn. 


Vitreous to 
adaman- 
tine 


3 


4.1-4.4 


2-2.5 


Orth.; us. 
prism. 


F. conch, to 
uneven 


3 


Ehnerald-grn. 


Vitreous 


3.5-i 


3.389 


2-2.5 


Orth.; us. 
prism. 


F. uneven 


1 


Grass-grn. 


Vitreous; 
C. pearly 


2 


2.4-2.66 


2-2.5 


Hex. rhom. ; 
us. tab. 


C. basal, per. 




Bmerald-grn. 
to apple-grn. 


Vitreous; 
C. pearly 


2-2.5 


3.4^3.6 


3 


Tetr. ; us. tab. 


C. basal, per.; 
fol. 




Dk-gm. to 
olive-grn. 


Resinous 


4 


3.6-3.8 


2-2.5 


Orth. 


F. uneven 



^ 11. 



Scarlet to 
ruby-red. 
St. scarlet 


Adaman- 
tine 


2-2.5 


5.55 


1 


Hex. rhom. ; 
hemimor. 


C. rhom. 
F. conch. 


Dk.red to blk. 
St. purplish 


Metallic 
adaman- 
tine 


2.5 


5.77-5.86 


1 


Hex. rhom.; 
hemimor. 


C. rhom. 
F. conch. 
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SECTION ] 







Name. 


Composition. 


CI, Br, or I reac. w. 
powdered galena 
in c.t. 


Subl. wh. both hot and cold 


Cerargyrite 

(Horn Sliver) 
T319 S158 


AgCl 
(Somet. Hg Iso. w. A 




Subl. yel. hot, wh. cold. Not 
disting. by bp. methods 


Embolite 
T319 S159 


Ag(Cl,Br) 




BromjTite 
T319 S159 


AgBr 




Subl. orange-red hot, lemon- 
yel. cold 


lodyrite 
T319 S160 


Agl 



SECTK 



C0« efiferv. in HCl 


H»0 in c.t. 


Bismutite 
T367 S307 


BiOBi(OH),COi 


Does not efiferv. 


No H2O in c.t. 


Bismite 
T330 S200 


Bi(OH), 
(Often Fe, etc.) 



SECTB 



CO2 efiferv. in hot HCl 


Becomes blk. and mag. 
in c.t. 


SIDERiTE 

(Spathic Iron) 
T359 S276 


FeCOs 
(Mg. Mn. Ca Iso. w. 1 


Dif. fus.; strongly mag. 
after heating in r.f. 


Little or no HjO in 
c.t. ; St. red 


HEMATITE 

T334 S213 


FeiOi 
(Somet TlandMg) 




Marti te 
T336 S216 


FetOi 




HsO in c.t. Earthy, 
mammillary, stalac- 
titic 


LIMONITE 

(Brown Hematite; 
Bog Iron Ore) 
T350 S250 


Fej(OH).Fe,0, 




Us. prismatic xls. 


QOETHITE 

(G«thlte) 
T349 S247 


FeO(OH) 




Us. decrepitates in c.t. 


Turgfte 

(Hydrohematlte) 
T350 S245 


[FeO(OH)],Fe,0. 



1 — Continued. 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


:) 


Pearl-gry. and 
grnh. to cols. 


Resinous 
to ada- 
mantine 


1-1.5 


5.552 


1 


Iso. ; us. mass. 


F. uneven: sec- 
tile 




Grn. or yel. 


Resinous 
to ada- 
mantine 


1-1.5 


5.31-5.81 


1 


Iso. ; us. mass. 


F. uneven; sec- 
tile 




Cm. or yel. 


Resinous 
to ada- 
mantine 


2-3 


5.8-6.0 


1 


Iso. ; us. mass. 


F. uneven; sec- 
tile 




Yel. to grnh. 
and brnh. 


Resinous 
to ada- 
mantine 


1.5 


5.6-6.7 


1 


Hex. ; hemimor. 


C. basal, per.;, 
sectile 



)N 13. 



Wh., grn., 
yel., gry. 



Wh., straw- 
yel. to grnh. 
and gryh. 



Dull 



Dull to ad- 
aman- 
tine 



4-4.5 



6.86-7.67 



4.361 



1.5 



Amorph., 
earthy 



Hex. rhom. 



C. basal, per.; 
scaly, earthy 



)N 13. 



e) 


Lt. to dk. brn. 
and gry. 


Vitreous; 
C. pearly 


3.5-4 


3.83-3.88 


4.5-5 


Hex. rhom. ; 
us. xln. 


C. rhom., per. 




Brnh-red to 
blk. 


Dull 


5.5-6.5 


4.9-5.3 


5-5.5 


Earthy; reni- 
form 


F. uneven to 
splint. 




Fe-blk. 


Submetal- 
lic to dull 


6-7 


4.8-5.3 


5-5.5 


Iso. 


P. oct. 
F. conch. 




Yelh-brn. to 
dk.brn. 


Silky or 
dull 


5-5.5 


3.6-4.0 


5-5.5 


Fibr., mass. 


F. splint. 




Yelh-or redh- 
brn. to blk. 


Adaman- 
tine to 
dull 


5-5.5 


4-4.4 


5-5.5 


Orth. 


C. pinac, per. 




Rdh-blk. 
St. dk. redh- 
brn. 


Dull, silky 
to sub- 
metal. 


5-6 


4.14-4.6 


5-5.5 


Botry.; in- 
crust. 

1 


F. splint. 



^T 



I 

li 
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SECTION 1 






Name. 


Composition. 


Sol. in cold HaO; wh. ppt. 
BaS04 w. BaCli in HCl 
sol. Acid HjO in c.t. 


Ferrous iron only 


Melanterite 

(Copperas) 
T534 S941 


FeS04.7H.O 
(Mg and Mn Iso. w. Fi 




Ferric iron only; dis- 
ting. by phys. char- 
acters 


Copiapite 

T636 S964 


Fet(FeOH)t(S04)6. 
17H,0 




Coquimbite 
T535 S956 


Fe«(S04)..9H«0 
(Al lao. w. Fe) 




Ferric Fe only; K 
flame; little H2O in 
c.t. 


Jarosite 

T537 S974 


K[Fe(0H),].(S04), 
(Ni ISO. w. K) 


P reac. w. 

am. mol. 
';. Ferrous 

Fe 


Mn in borax 
bd. Little or 
no HtO in c.t. 


Li flame. 
(Cp. lithiophylite) 


Triphyiite 
T496 S756 


LiFePO* 
(Mn iao. w. Fe) 


F reac. w. KHSO4 


Triplite 

T602 S777 


R(RF)P04 
(R-Fe. Mn. Ca. Mg) 




Mn in borax bd.; H2O in c.t.; exfo- 
liates 


Childrenite 

T513 S850 


FeAl(OH).PO4.H20 
(Mn iso. w. Fe) 




Little or no Mn ; whitens w. gentle heat 
in c.t. 


Vivianite 

T508 S814 


Fe,(P04)i.8H20 


P reac. w. am. mol.; ferric Fe; H2O in c.t. 


Dufrenite 
T506 S797 


Fej(0H)J>04 


As subl. in 
c.t. w.ch. 
fragment 


Co in borax bd. after roasting; HCl sol. 
rose-red 
(Cp. annabergite, below) 


Erythrite 

(Cobalt Bloom) 
T609 S817 


Coi(As04)i.8HiO 
(NI.Fe. Catoo. w. Co] 




Ni in borax bd. after roasting; HCl sol. 
grn. (Co may mask bd. reac. for Ni) 


Annabergite 

(Ntckel Bloom) 
T609 S818 


Ni,(As04)i.8H,0 
(Co ISO. w. NI) 




Ferric but no ferrous Fe;'HCl sol. yel.; 
rdh-brn. ppt. w. am. 


Pharmacosiderite 

T513 S847 


Fe(FeOH), 

(As04)i.6H20 








Scored ite 
T509 S821 


FeAa04.2H.O 



SECTIC 



Micaceous, foliated, 
or scaly. (Cp. mi- 
caceous minerals. 
Section 23) 



Gel. sil. w. HCl on evapora- 
tion 



Slightly sol. in HCl w. separa- 
tion of SiOi 



LEPIDOMELANE 

T470 S634 



BIOTITE 

(Black Mica) 
T467 S627 



Readily sol. in HCl w. separa-j Aatrophyllite 
tion of SiOj; sol. reacts for T487 S719 
Ti 



(K,H),Fe.(Fe,Al)4 

(Si04)6 



(K,H),(Mg.Fe), 
(Al,Fe),(Si04)« 



R'4R"4Ti(SiOi)4 
(R'-K. Na. H: 
R"-Fe. Mn. Mg. Ca 
(Zr ISO. w. Ri) 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


) 


Apple-gm. to 
wh. 


Vitreous 


2 


1.89-1.9 


1 
4.5-5 


Mon. 


C. basal, per. 
F. conch. 




S-yel. 


Pearly 


2.5 


2.103 


4.5-5 


Mon. ; us. tab. 


C. pinac. 




Wh., yelh., 
brnli., violet 


Vitreous 


2-2.5 


2.1 


4.5-51 Hex. rhom.; 
us. xls. 


F. uneven 




Ocher-yel. to 
clove-brn. 


Vitreous 


2.6-3.5 


3.15-3.26 


4.5 


Hex. rhom.; 
us. xls. 


C. basal 
F. uneven 




Lt. blue, gru. 
orgry. 


Vitreous 
to resi- 
nous 


4.6-5 


3.49-3.56 


1.5 


Orth.; us. 
mass. 


C. basal, per. 
and pinac. 




Chestnut-brn. 
to blkh-brn. 


Resinous 


4.5-5 


3.44-3.8 


1.5 


Mon.; us. 
mass. 


C. 2 at right 

angles 
F. uneven 




Yelh-bm. to 
bmh-blk. 


Vitreous 
to resi- 
nous 


4.5-5 


3.18-3.24 


4 


Orth. ; us. xls. 


F. uneven 




Blue, bluish- 
gm. to cols. 


Vitreous; 
C. pearly 


1.5-2 


2.58-2.68 


2-2.5 


Mon.; us. 
prism. 


C. pinac, per. 
F. splint. 




Dull olive to 
blkh-gm. 


Silky, 
weak 


3.5-4 


3.2-3.4 


2.5 


Orth. us. fibr. 


F. splint. 




Crimson to 
peach-red 


Dull; vit- 
reous; C. 
pearly 


1.6-2.5 


2.948 


2 


Mon.; us. 
prism. 


C. pinac, per.; 
sec tile 




Apple-gm. 


Vitreous 


1.6-2.5 




4 


Mon; us. 
capil. 


C. pinac, per. 
F. uneven, 
earthy 




Grn., yel., 
bm. 


Adaman- 
tine to 
greasy 


2.5 


2.^3.0 


1.5-2 


Iso. tetrh.; 
us. xls. 


F. uneven 




Pale gm. or 
bm. 


Vitreous 


3.5-4 


3.1-3.3 


2-2.5 


Orth. ; us. xls. 


F. uneven 



N 14. 





Blk. to grnh- 
blk. 


Adaman- 
tine to 
pearly 


3 


3-3.2 


4.5-5 


Mon. 


C. basal, per.; 
elastic 




Gm. to grnh. 
or bmh-blk. 


Splendent; 
C. pearly 


2.5-3 


2.7-3.1 


5 


Mon. 


C. basal, per.; 
elastic 




Bronze to 
golden yel. 


Pearly to 

submet- 

tallic 


3 


3.3-3.4 


2.5-3 


Orth. 


C. pinac, per.; 
brittle 
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SECTION I 







Name. 

1 


Composition. 


Gel. imperfectly; 
iso. xls. 


Mostly ferric Fe 


ANDRADITE 

(Ca-Fe Garnet) 
T417 S442 


Ca.Fe,(Si04)i 
(Fe. Mn. Mg. Ca. laa 
Ca; Al l«o. w. Fe) 


Gel.; much ferrous 
Fe 


May be mag. from included 
magnetite 


Fayalite 
T422 S456 


FeiSiO* 


Gel. siLw.HCl; both 
ferrous and ferric 
Fe 


Fuses quietly 


llvaite 

(Llevrlte) 
T445 S541 


CuFe,(FeOH)(SiO 




Fus. w. intumes. 


Allanite 

(Orthlte) 
T440 S522 


R"R'".(0H)(Si04 
(R"-Ca. Fe: R'"- 
Fe, Ce. La. Nd. Pr) 


HsS and gel. sil. w. 
HCl 


ZnO subl. on ch. w. soda; gm. 
w. Co(NO.)i 


Danalitc 
T414 S435 


GliR.(RS)(Si04)i 

(R-Mn. Fe. Zn) 




Mn in borax bd. ; no Zn 


Helvite 
T414 S434 


Gl.R.(RS)(Si04)i 
(R-Mn, Fe) 



SECTW 



W reac. after fus. 
w. soda. Very 
heavy 


Mn in soda bd. 


WOLFRAMITE 

T539 S982 


(Mn,Fe)W04 


Little or no Mn rcac. 


Ferberite 

.... S985 


FeW04 


Micaceous (Cp. mi- 
caceous minerals, 
Section 23) 


Easily fus.; Li flame 


Zinnwaldite 
T467 S626 


(K,Li),Fe(A10) 
Al(F,0H),(Si04) 


Dif. fus. 


BIOTITE 

(Black Mica) 
T467 S627 


(K.H),(Mg,Fe)t 
(AI,Fe),(Si04)« 


Red; isometric 


Sol. in HCl w. gel. after fus. 


ALMANDITE 

(Fe-Al Garnet) 
T416 S441 


Fe,Al,(Si04). 
(Mn. Mg. Ca Iflo. w. 


Quietly and dif. fus. 


Us. bronzy, metalloidal lus- 
ter; prism and cl. angles 
near 90° 


Hypersthene 

T385 S348 


(Mg,Fe)«SiO« 




Prism and cl. angles 54° and 
126°; Fe chiefly ferrous; 
sometimes fibrous (asbcst<^s) 


Anthophyllite 

(Asbestos In part) 
T398 S384 


(Mg,Fe)SiOa 
(Somet. also Al) 


Fus. w. intumes. 


Fused mass dk. brn. or blk. 


EPIDOTE 

(Pistaclte) 
T438 S516 


Ca»(A10H)(Al,Fe 

(SiOi). 



4 — CorUintied. 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


w. 


Wine-red, 
grnh., yel., 
brn., to blk. 


Vitreous 
to resi- 
nous 


6.5-7.5 


3.8-3.9 


3.5 


Iso. 


F. uneven to 
conch. 




Yel. to dk. 
yelh-grn. 


Metalloid- 
al, resi- 
nous 


6.5 


4-4.14 


4 


Orth.; us. 
mass. 


C. pinac. 
F. uneven 


.)« 


Fe-blk. 


SubmetAl- 
lic 


5.5-6 


3.99-4.05 


2.5 


Orth.; us. 
prism. 


F. uneven 


9 


Bm. to pitch- 
blk. 


Resinous 
to sub- 
metallic 


5.5-6 


3.0-4.2 


2.5 


Mon.; us. 
mass. 


F. uneven to 
conch. 




Flesh-red to 
gry. 


Vitreous to 
resinous 


5.5-6 


3.427 


3 


Iso. tetrh. ; 
us. mass. 


F. uneven 




Yel. to yelh. 
and redh-brn. 


Vitreous to 
resinous 


6-6.5 


3.16-3.36 


4-5 


Iso. tetrh.; 
us. xls. 


F. uneven 



>N 15. 





Gryh. to bmh- 
blk.; St. blk. 


Submetal- 
lio 


5-5.5 


7.2-7.5 


4 


Mon.; us. xls. 


C. 
F. 


pinac. per. 
uneven 




Blk. St. 
brnh-blk. 


Submetal- 
lic 


4^.5 


6.8-7.11 


3.5 


Mon. 


C. 

F. 


pinac. per. 
uneven 


1 


Gry., yel., 
brn., violet 


Pearly 


2.5-3 


2.8-3.2 


2.5-3 


Mon. 


C. 


basal, per.; 
flex. 




Grn. to grnh. 
or brnh-blk. 


Splendent 
C. pearly 


2.5-3 


2.7-3.1 


5 


Mon. 


C. 


basal, per. ; 
elastic 


i-e) 


Deep red to 
brnh-blk. 


Vitreous 


6.5-7.5 


3.9-4.2 


3 


Iso. 


F. 


uneven to 
conch. 




Grnh-blk. to 
brn. and 
bronze 


Pearly to 
bronzy 


5-6 


3.4-3.5 


5 


Orth.; us. 
mass. 


C. 
F. 


pinac. per. 
uneven ^ 




Gry., clove- 
brn., grn. 


Vitreous 
C. pearly 


5.5-6 
0-7 


3.1-3.2 


5-6 


Orth.; UP. fibr. 
or mass. 


C. 


prism, per. 


a 


Yelh. to blkh- 
grn. and gry. 


Vitreous 


3.25-3.5 


3-4 


Mon.; us. 
prism. 


C. 
F. 


basal, per. 
uneven 



J 



■a I 
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SECTION 1& 




Composition. 



Fu8. w. intumes. ; 
Na flame 


Prism and cl. angles 54° and 
126®; Fc chiefly ferrous 


Arlvedsonite 
T405 S401 


l(Na.K),,Ca.Fe]SiOa 
(Some (Al.Fe)903) 




Both ferrous and ferric Fe. 
Crocidolite is us. fibrous 


Crocidolite 
T404 8400 


NaFe'"(Fe",Mg) 
(SiOa). 




Riebeckite 
T404 S400 


Na,Fe'",(Fe",Ca) 
(SiOa). 


Na flame; fus.quiet- 

ly 


Prism' and cl. angles near 90^" 


Ac mite 

(Aeglrlte) 
T391 S364 


NaFe'"(SiO.), 


Compare pyroxene, amphibole, tourmaline, chloritoid, and ottrelite, 
some of the dark green and black varieties of which contain sufficient iron 
to make them magnetic upon ignition. 





SECTIO 



Make flame tests below with Pt wire. 



Most minerals give some yellow color to the flam 
yellow. The violet flame of K is purplish-i 



\Vh. AgCl ppt. w. 
HNOa and AgNOa 



Wh. BaSOiPpt. in 
H2O sol. w. HCl 
and BaClt 



K flame 



Kainitc 
T530 S918 



Na flame Hanksite 

T530 S920 



Intense Na flame; no S 



HALITE 

(Rock Salt: 

Common Salt) 
T318 S154 



K flame; 
noS 



Little or no HsO in 
c.t. 



SYLVITE 

T318 S156 



Much HiO in c.t. 



Carnallite 

T323 S177 



CO, efferv. w. HCl. 
H?0 sol. gives al- 
kaline reac. w. 
turmeric paper 



Sol. in HsO of xln. if gently Natron 
heated in c.t. (H«0 = 63%) 1 (Sal Soda) 

! T366 S301 



HsO and CO2 when gently 1 Trona 
heated in c.t. T367 S303 



MgSO4.KCl.3H2O 



9Na,S04.2Na2COi 
KCl 



NaCl 
(Us. also Ca and Mg) 



KCl 
(Na ISO. w. K) 



KMgCli.6HjO 



NasCOs . lOHjO 



NaiCOiHNaCOj 
2H20 



-Continued. 
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1 

Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


Blk. ; St. dk. 
bhiish-gry. 


Vitreous 


6 


3.44-3.45 


2.5 


Mon.; us. 
prism. 


C. prism., per. 
F. uneven 


Leek-grn. to 
deep laven- 
der-blue 


Silky, dull 


4 


3.2-3.3 


3.5 


Fibrous 


Fibrous 


Blk. 


Vitreous 


6 


3.433 


3? 


Mon. 


C. prism., per. 


Gmh. to brnh- 
blk. 


Vitreous 


6-6.5 


3.50-3.55 


3.5 


Mon.; prism. 


C. prism. 
F. uneven 

















^ 16. 

J, but those containing Na as an essential constituent give an intense and persistent 
ed when seen through dark blue glass. 



Cols., wh. to 
redh. 


Vitreous 


2.5-3 


2.067- 

2.188 


1.5-2 


Mon. 


C. pinac. 


; Cols., wh. to 
yelh. 


Vitreous 


3-3.5 


2.562 


1.5 


Hex. ; us. xls. 


C. basal 
F. uneven 


Cols., wh., 
redh., bluish 


Vitreous 


2.5 


2.13 


1.5 


Iso.; us. cubic 


C. cubic, per. 
F. conch. 


Cols., wh., 
redh., bluish 


Vitreous 


2 


1.97-1.99 


1 . 5 Iso. 


C. cubic, per. 


Cols., wh., 
redh. 


Vitreous 
to 
greasy 


1 


1.6 


1-1.5 Orth.; us. 
mass. 


F. conch. 


Cols., gry., 
wh., yelh. 

1 


Vitreous 


1-1.5 


1.42-1.46 


1 


Mon. 


C. basal 
F. conch. 


Cols., gry., 
wh., yelh. 


Vitreous 


2.5-3 


2.11-2.14 


1.5 


Mon. 


C. pinac, per. 
F. uneven 



.1 






4 
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SECTION 







Name. 


Composition. 


Sulphates. — HjO sol. 
w. HCl and BaCh 
gives wh. ppt. 
BaS04 


Na flame; little or no HtO in 
c.t. 


Thenardite 

T523 S895 


Na,S04 


B.b. swells and gives K flame; 
HsO sol. w. UCl and am. 
gives gel. ppt. of .\l(OH)i 


Kalinite 

(Potash Alum) 
T535 S951 


KAl(S04)i.l2H,C 




Mg reac. w. Co(N03)i on ch. 


Epsomite 

(Epsom Salt) 
T533 S938 


MgS04.7H,0 




Intense Na flame; much HsO 
in c.t. 


Mirabilite 

(Glauber Salt) 
T531 S931 


Na«SO4.10HaO 


Nitrates.— Defla- 
grates on ch.; NOs 
fumes w. KHSO4 
in c.t. 


Intense Na flame 


SODA NITER 

T517 S870 


NaNO, 


K flame 


NITER 

(Saltpeter) 
T517 S 871 


KNOi 




HiO in c.t.; deliquescent be- 
fore ign., not after 


Nitrocalcite 
T517 S872 


Ca(NO,),.nHaO 


B reac. w. turmeric 
paper 


Swells and fus. to clear glass 


BORAX 

T520 S886 


Na2B4O7.10HaO 



V 



Make flame tests below with Pt wire and HCl. 



SECT 



COj eff erv. in 
dil. HCl 


No HiO in c.t. ; Ba flame 


WITHERITE 

T362 S284 


BaCOi 




HsO in c.t.; cdkaline sol. in boiling 
HaO 


Qay-Lussite 

T366 S301 


NasCa(CO,),.5Ii 


S reac. w. 
soda on ch. 


Much HtO in 
c.t. Readilv 
sol. in hot. dil. 
HCl 


Sol. in hot HiO; no 
decided flame col. 


QYPSUM 

(Selenlte: 
Alabaster) 
T531 S933 


CaS04.2HiO 




K flame; Mgreac. w. 
Na phosphate 


Polyhalite 

T535 S950 


K,Ca,Mg(S04)4. 
2HiO 




Little or no 
HfO in p.t. 

(Continued 
next page) 


Na flame; sol. in 
HCl 


QIauberite 

T523 S898 


NaiCa(S04)i 




No flame col.; slowly 
sol. in hot dil. HCl 


ANHYDRITE 

T528 S910 


CaS04 




6— Con/inued. 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Cols., wh., 
brnh. 


Vitreous 


2-3 


2.68-2.69 


1.5-2 


Orth. 


C. basal 
F. uneven 




Cols, or wh. 


Vitreous 


2-2.5 


1.75 


1 


Iso. pyr. ; us. 
fibr. 


F. conch. 




Cols, or wh. 


Vitreous; 
earthy 


2-2.5 


1.751 


1 


Orth.; us. 
fibr. 


C. pinac, per. 
F. conch. 




Cols, or wh. 


Vitreous 


1.5-2 


1.481 


1.5 


Mon.; us. 
crusts 


C. pvnac, per. 




Cols, or wh. 


Vitreous 


1.5-2 


2.24-2.29 


1 


Hex. rhom.; 
us. incrust. 


C. rhom., per^ 




Cols, or wh. 


Vitreous; 
silky 


2 


2.09-2.14 


1 


Orth.; us. 
acic. 


C. prism,, per. 
F. uneven 




Wh. or gry. 


Silky 






2 


Fibrous 


Fibrous 




Cols., wh., 
gryh. 


Vitreous 
to resi- 
nous 


2-2.5 


1.69-1.72 


1-1.5 


Mon.; us. 
prism. 


C. pinac, per. 
F. conch. 



>N 17. 





Cols., wh., 
yelh., grj'h. 


Vitreous 


3-3.75 


4.27-4.35 


2 


Orth.; 
twinned 


F. uneven 


) 


Cols., wh., 
yelh., gryh. 


Vitreous 


2-3 


1.93-1.95 


1.5 


Mon. ; us. xls. 


C. prism. 
F. conch. 




Cols., wh., 
yel., red., 


Vitreous 
C. pearly 


1.5-2 


2.31-2.33 


3-3.5 


Mon., 
Figs. 60, 61 


C. 3 directions, 
pinac, per. 




Brick-red to 
yel. 


Vitreous 
to resi- 
nous 


2.5-3 


2.77-2.78 


1.5 


Mon.; fibr., 
lamel. 


C. pinac, 
F. splint. 




Cols., wh., 
yelh., gryh. 


Vitreous 


2.5-3 


2.70-2.85 


1.5-2 


Mon.; us. tab. 


C. basal, per. 
F. conch. 




Cols., wh., 
blue, gry., 
red 


Vitreous; 
basal cl., 
pearly 


3-3.5 


2.90-2.99 


3 


Orth.; us. 
mass. 


C pinac, per. 
3 directions at 
90** 



k 



i 
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SECTION 1 



F reac. w. 
KHSO4 and 
glass in c.t. 



Little or no 
HfO in c.t. 



Name. 



Sr flame; nearly in- 
sol. in HCl 



CELESTITE 

T526 S905 



Ba flame; nearly in- 
sol. in HCl 



Na flame; easily fus. 



Ca flame; often 
phosphoresces and 
decrepitates in c.t. 



Acid HtO in c.t. Stout prisms; us.de- 
Often etches crepitates 
glass and de- 
posits sil. 



Slender prisms; us. 
decrepitates 



BARITE 

(Heavy Spar) 
T524 S899 



CRYOLITE 

T321 S166 



FLUORITE 

(Fluor Spar) 
T320 S161 



Thomsenolite 
T323 S180 



Pachnolite 
T323 S179 



Composition. 



SrS04 
(Somet. Ca and Ba) 



BaSOi 
(Somet. Ca and Sr) 



Na«AlF« 



CaF, 
(Somet. CI loo. w. F> 



NaCaAlF.HtO 



NaCaAlF. . H,0 



SECTIO 




P reac. w. 
am.mol. 


Slight F reac. 

W. KHSO4 

in c.t. 


CaS04 ppt. 
w. H,S04 
in HCl sol. 


No H,0 in 
c.t. 


APATITE 

T497 S762 


Ca4(CaF)(P04)t 
(Ci ISO. w. F. Ran 
Mn) 


) 


A little HtO 
HF vapor 
in c.t. 


Herderite 
T503 S760 


Ca[Gl(0H,r)]P04j 




NoCa 


Little or no 
H,0 


Wagnerite 
T502 S775 


Mg(MgF)P04 




Mn in soda 
bd. 


Li flame 


(Cp. triphy- 
lite) 


Lithiophylite 

T496 S756 


LiMnP04 
(Fe iao. w. Mn) 




HtO in c.t. 


No Btme col- 
or 


Purpurite 
Ap. IT, 83 


2(Fe,Mn)PO4.H«0 




U in s.ph. bd. 


CRSO4 ppt. w. dil. HjS04 
in HCl sol. 


Autunite 

T515 S857 


Ca(U0,),(P04)i. 
8H,0 


B reac. w. 
turmer- 
ic paper 


Na flame 


Swells, sol. in HsO 


BORAX 

T520 S886 


NafB4O7.10HaO . 


(Contin- 
ued next 
page) 


Ca reac. w. am. oxalate 


Ulexite 

(Boronatrocalclte) 
T520 S887 


NaCaB.O9.8H1O 



L7 — Continued, 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Cols., wh., 
blue, red 


Vitreous 
to pearly 


3-3.5 


3.95-3.97 


3 


Orth., Fig. 59 


C. basal, per. 
and prism.. 




Cols., wh., 
blue, yel., 
red, brn. 


Vitreous 
to pearly 


2.5-3.5 


4.3-4.6 


3 


Orth. 


C. basal, per. 
and prism. 




Cols., wh., 
bmh. 


Vitreous 
to greasy 


2.5 


2.95-3 


1.5 


Mon.; us. 
mass. 


C. pinac. 
F. uneven 




Cols., violet, 
blue, grn., 
yel., pink 


Vitreous 


4 


3.01-3.25 


3 


Iso. ; us. cubes. 


C. Oct., per. 
F. uneven 




Cols., wh., 
redh. 


Pearly to 
vitreous 


2 


2.93-3 


1.5 


Mon.; xls. and 
mass. 


C. basal, per. 
F. uneven 




Cols, or wh. 


Vitreous 


3 


2.93-3 


1.5 


Mon.; prism. 


F. uneven 



>N 18. 



fely 


Grn., blue, 
violet, red, 
brn., cols. 


Vitreous 
to greasy 


4.5-5 


3.17-3.23 


5-5.5 


Hex. 


C. basal 
F. uneven 




Wh. to pale 
grn. or yel. 


Vitreous 
to resi- 
nous 


5 


2.99-3.01 


4 


Mon. 


F. uneven 




Pale yel., 
gry. or red 


Vitreous 


5-5.5 


3.07-3.14 


3.5-4 


Mon. 


F. uneven and 
splint. 




Salmon-color 
clove-brn. 


Vitreous 
to resi- 
nous 


4,5-5 


3.42-3.56 


1.5 


Orth.; us. 
mass. 


C. basal, per. 
and pinac. 


' 


Deep red or 
redh- purple 


Silky 


4-4.5 


3.40 


3-4 


Orth.(?); us. 
mass. 


C. pinac. 
F. uneven 




Lemon-yel. 
to S-yel. 


Adamant. 
C. pearly 


2-2.5 


3.05-3.19 


2.5 


Orth.; tabular 


C. basal, per. 
brittle 




Cols., wh., 
gry h., bluish, 
gruh. 


Vitreous 
to resi- 
nous 


2-2.5 


1.69-1.72 


1-1.5 


Mon.; us. 
prism. 


C. pinac, per. 
F. conch. 




Wh. 


Silky 


1 


1.65 


1 


Fibrous 





;i 



— i 
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SECTION 









Name. 


Composition 


• 


B flame 


No HaO in c.t.; CI reac. 
after fus. w. soda 


Boracite 

T518 S879 


MgTCl, Bi.O,o 




Slowly vol.; sol. in HsO 


Sassolite 
(Boric Add) 
T352 S25o 


B(OH). 




Mn in borax bd. 


Sussexite 
T518 S876 


H(Mn,Mg.Zn)B 




Exfoliates; Ca reac. w. am. 
oxalate 


Coleman ite 

T519 S882 


HCa(BO,),.2H,< 


Mo reac. in s.ph. bd. or HtS04; H»0 in c.t.; on ch. 
fus. and MoOi subl. 


Molybdite 
T330 S201 


Fe,(Mo04),.7Ht< 


V in s.ph. bd. ; HtO in c.t. ; fus. easily to blk. non- 
mag. slaK 


Carnotite 

S. Ap. I 


K, U, Ca, Ba va 
date 


As siibi.w. 
soda 
and ch. 


ZnO subl. w. soda on ch. ; HaO in c.t. 


Adamite 

T505 S786 


Zn(ZnOH)As04 


in c.t. 


CaS04 ppt. w. HsS04 in cone. HCl sol. 


Pharmacolite 
T510 S827 


HCaAsO«.2n,0 



SECT] 



Fufl. to cols, glass 


Intumes.; B flame; HsO in c.t. 


DATOLITE 

T435 S502 


Ca(B0H)Si04 




Intumcs.; blebby glass; whitens 
in c.t.; COa efferv. in warm 
dil. HCl 


Cancrinite 

T411 S427 


H«Na«Ca(NaCOi 

Al.(Si04). 




Fus. quietly; whitens in c.t.; 
little or no Ca after separating 
Si and Al 


NATROLITE 

T461 S600 


Na,Al(A10)(SiO» 
2HaO 


Fus. dif . and whit- 
ens 


ZnO subl. w. soda on ch.; gm. 
w. Co(NOa)» 


CALAMINE 

(Hemimorpblte: 

Smltbaonlte) 
T446 S546 


(ZnOH),SiO, 



18 — Contintuid, 



9{^ 





Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Cols., wh., 
yel., gry., 
grn. 


Vitreous 


7 


2.9-3.0 


2 


Iso. tetrh.; 
us. xls. 


F. conch. 




Cols., wh., 
yel., gry. 


Pearly 


1 


1.48 


0.5 


Tri.; us. tab. 


C. basal, per. 
Unctuous 


)• 


Wh., yelh., 
pinkish 


Silky 


3 


3.42 


2 


Orth.(?); fibr. 


F. splint. 


1 


Cols., wh., 
yelh., gryh. 


Vitr. to 
adamant 


4-4.5 


2.42 


1.5 


Mon. 


C. pinac, per. 
F. uneven 


► 


Straw-yel. to 
wh. 


Silky to 
adamant. ; 
C. pearly 


1-2 


4.50 


2 


Orth. and 
earthy 


C. basal 


la- 


Canary-yel. 


Dull 






2.5 


Hex.(?); us. 
earthy 






Gmh., yelh., 
redh., vio- 
let, cols. 


Vitreous 


3.5 


4.34-^.35 


3 


Orth. 


C. prism. 
F. uneven 




Wh., gryh., 
redh. 


Vitr. to 
pearly 


2-2.5 


2.G4-2.73 


2.5 


Mon.; us. fibr. 


C. pinac, per. 
F. uneven 



ON 19. 





Cols., gmh., 
yelh., redh. 


Vitreous 


5-5.5 


2.9-3.0 


2-2.5 


Mon.; us. xls. 


F. conch, to 
uneven 


t 


Yel., pink, 
gmh., blu- 
ish, gry., 
wh. 


Vitr. to 
greasy 


5^ 


2.42-2.50 


2 


Hex.; us. 
mass. 


C. prism. 
F. uneven 


1. 


Cols., wh., 
yelh., redh., 
grnh. 


Vitr. to 
pearly 


5-5.5 


2.20-2.25 


2 


Orth.; prism. 


C. prism., per. 
F. uneven 




Wh., gmh., 
bluish, yelh., 
bmh. 


Vitr. to 
adamant. 


4.5-5 


3.40-3.50 


6 


Orth.; hemi- 
morph. 


C. prism., per. 
F. uneven 



( <* 



*^ •• «• • 



- * **^ 



•i * •* <* 






/ 



.-w 



1 
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SECTION 







Name. 


Composition. 


Contam Si, Al. 
and Ca. See 
BiUcon (2) 


Easily sol. in HCl; Na flame 


NEPHELITE 

(ElMoUte: 
Nepbellne) 
T409 S423 


Approx. NaAlSiG 
(Some K and Ca) 




Dif. sol. in HCl; Na flame w. 
powdered gypsum 


ANORTHITE 

(Lime FeldsiMr) 
T380 S337 


CaAl,(Si04), 




Fu8. w. intumee. to dark slag 


Allanite 

(Orthlte) 
T440 S522 


R,"R.'"(OH)(SiC 
(R"-Ca.Fe: R'"- 
Fe. Ce. Nd. Pr) 




Fu9. w. slight intumes. to gmh. 
or yelh. glass 


Melilite 

T426 S474 


Na.(Ca.Mg)ti 
(Al, Fe)4(Si04). 


Not included 
above 


Swells' and cracks apart on ign.; 
often glows 


Oadolinite 

T430 S509 


Be,Fe(YO),(SiO«) 



SECTI 



Micaceous; flex., 
but not elastic, 
or little so 


Exfoliates greatly b.b. Hy- 
drated mica 


Vermiculite 

(Jefferfaslte) 
T476 S664 


Hydrous Mg-Als 
cate 
(Also Fe: aomet. Na> 


Dif. f us. ; little or 
no Al or Ca; 
much Mg. See 
SiUcon (2) 


U. compact grnh. mass. ; some- 
times fibrous (chrysotile, 
commercial * ' asbestos ' ') or 
foliated Cmarmolite) 


SERPENTINE 

(Chrysotile; 
MarmoUte) 
T476 S669 


H4(Mg,Fe),Si.O. 
(Somet. Nl. lao. w. 1 




Somewhat like a gum or resin 


Deweylite 

(Gymnlte) 
T479 S676 


H4Mg4(Si04)..2H 
(Somet. Ni iso. w. 1 




Compact, fine earthy texture; 
when dry floats on HiO 


Sepiolite 
(Meerschaum) 
T480 S680 


HiMgiSiiOio 
(Somet. Cu and Np 


Contains Ca but 
no Al. See Sili- 
con (2) 


Fus. w. intumes. to vesic. enam- 
el; K flame; HaO in c.t. (16%) 


APOPHYLLITE 

T452 S566 


2H7KCa4(8iO.)8. 
9H,0 


Fus. quietly to wh. enamel; Na 
flame; little H,0 in c.t. (3%) 


Pectolite 
T395 S373 


HNaCa,(SiO.). 


Becomes opaq.and 
fus. quietly to 
clear glass 


Na flame; iso., us. trapezohe- 
drons 


ANALCITE 

T460 S595 


NaAl(SiO.),.H,C 


Fus. w. intumes. 
to blebby enam- 
el 


Little HiO in c.t.; slowly and 
dif. sol. in HCl 


PREHNITE 

T442 S530 


H,Ca,Al,(Si04). 
(Fe ISO. w. Al) 



dO—CorUintied. 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystallisa- 
tion. 


Cleavage and 
Fracture. 


' 


Cols., gry., 
grnh., redh., 
yelh. 


Vitr. to 
greasy 


6.5-« 


2.65-2.66 


3.6 


Hex.; hemi- 
morph. 


C. prism. 
F. uneven 




Cols., wh., 
gry., redh. 


Vitreous 


6-6.6 


2.74-2.76 


4.6 


Tri. 


C. basal, per. 

and pinar. 
F. uneven 


Al. 


Bm. to blk. 


Res., vitr. 
to sub- 
met. 


6.5-6 


3.0-4.2 


2.6 


Mon.; us. 
mass. 


F. uneven to 
conch. 




Gm., yel., 
bm., wh. 


Vitr. to 
res. 


6 


2.9-3.1 


3 


Tetr. ; us. xls. 


C. basal 
F. uneven 


t 


Grnh. to 
bmh-blk. 


Vitr. to 
greasy 


6.5-7 


4.0-4.6 


6 


Mon. 


F. conch., 
splint. 



3N 21. 



iU- 


Yel., brn., It. 
to dk. grn. 


Pearly 


1-1.5 


2.2-2.3 


3.5 


Mon. (?) ; fol. 


C. basal, per. 


Iff) 


Olive to blkh- 
grn., yelh- 
grn., wh. 


Greasy, 
wax-like, 
silky 


2.5-5 
. Us. 4 


2.5-2.65 


5-5.5 


Mass. ; 
pseudm. 


F. uneven, 
splint. 


o 

s) 


Yel., brn., wh. 
apple-grn. 


Res. 


2-3.6 


2.0-2.2 


4-6 


A morph. 


F. uneven, 
conch. 




Wh. to 
gryh-wh. 


DuU 


2-2.5 


2.0 


5-5.5 


Compact; 
earthy 


F. uneven 




Wh., grnh., 
yelh., redh. 


Vitreous; 
C. pearly 


4.5-5 


2.3-2.4 


1.5 


Tetr.; us. xls. 


C. basal, per. 
F. uneven 




Cols., wh., 
gry. 


Vitr., silky. 
C. pearly 


5 


2.68-2.78 


2.5-3 


Mon.; us. acic. 


C. pinac, per. 
F. splint. 




Cols., wh., 
yelh., redh. 


Vitreous 


6-6.5 


2.22-2.29 


2.6 


Jso; us. xls. 


F. uneven 




Apple-grn., 
gry., wh. 


Vitreous 


6-6.5 


2.80-2.95 


2 


Orth.; us. ren- 
iform or glob- 
ular 


F. uneven 
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SECTION a 



Much HsO in c.t.: 
contain Al ana 
Ca or Ba 
See SiUcon (2) 



Ba reac. w. dil. 'HCl sol. 



Rhom.; fus. w. swelling. Gmel- 
inite often cracks and splits be- 
fore fus. 






Fus. w. swelling and intumes. 
Stilbite us. sheaf-like and ra- 
diated; xls. seem orth. Cleav. 
faces of heulandite pearly lus- 
ter and us. lozenge-shaped 



Whitens and fus. without swell- 
ing to vesic. enamel; K flame 
with powdered g^'^psum 



Name. 



Harmotome 

T466 S581 



CHABAZITE 

T458 So89 



O melinite 

T459 S593 



STILBITE 

(Desmlne) 
T456 S583 



HEULANDITE 

T454 S574 



Phillips! te 
T455 S579 



Composition. 



H,(Ba,K,)Al,(SiO,)a 
4HiO 



(Ca,Na,)Ala(SiO»)4. 

6H,0 
(Somet. K. Ba. Sr) 



(Na,,Ca)Al,(SiOi)4. 
6H,0 



H4(Ca,Na,)AU 
(SiOO«.4H,0 



H«(Ca,Na,)Al2 

(SiO3)6.3H,0 



2(Ca,K,,Na,)Al, 

(SiO*)4.9H/) 



SECTIO 



Ti reac. in s.ph. bd. 
w. Sn on ch. 


Fus. w. intumes. to dk. glass 


TITANITB 

(Sphene) 
T485 S712 


CaTiSi06 
(Some Fe; somet. Mn 


Fus. quietly to glas- 
sy globule, slowly 
sol. in HCl 


Us. striated on best cl. ; often 
brilliant play of color 


LABRADORITE 

(Ca-Na Feldspar) 
T379 S334 


n(NaAlSi,08) 
wCCaAltSiiOs) 
(n :in-l : 1 to 1 :3} 


Fus. dif . to wh. glob- 
ule; rather easily 
sol. in HCl 


HCl sol. gives no Al ppt. w. 
am.; but Ca reac. w. am. 
oxalate 


WOLLSATONITE 

T394 S371 


CaSiO. 


Fus. w. intumes. to 
vesic. glass 


Cl reac. w. AgNOj; slowly sol. 
in acids; Na flame 


WERNERITE 

(ScapoUte) 
T425 S468 


n(Ca4Al.Si«OM) 
m(Na4Al«Si.O«Cl) 
n : m»3 : 1 to 1 : 2) 




Little or no Cl; easily sol. in 
acids 


Melon ite 

T425 S467 


Ca4Al6Si«0» 
(Us. some Na) 



— Continued. 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


• 


Wh., gry., 
yel., red, 
bm. 


Vitreous 


4.6 


2.44-2.60 


3.6 


Mon.; us. 
twinned 


C. pinac. 
F. uneven 




Wh., yel., 
flesh-red 


Vitreous 


4-5 


2.08-2.16 


3 


Hex. rhom. ; 
xls. nearly 
cubic 


C. rhom. 
F. uneven 




Wh., yel., 
flesh-red, 
grnh. 


Vitreous 


4.5 


2.04-2.17 


2.5 


Hex. rhom.; 
us. xls. 


C. prism. 
F. uneven 




Wh., yel., 
brn., red 


Vitreous; 
C. pearly 


3.5-4 


2.1-2.2 


2-2.5 


Mon.; twinned 


C. pinac. per. 
F. uneven 




Wh., yel., gry., 
red, brn. 


Vitreous; 
C. pearly 


3.6-4 


2.18-2.22 


2-2.6 


Mon. 


C. pinac. per. 
F. uneven 




Wh., redh. 


Vitreous 


4-4.5 


2.2 


3 


Mon. ; twinned 


C. pinac. 
F. uneven 



N^ 22. 





Gry., bm., 
yel., gm. 


Res. to 
adamant 


5-5.6 


3.4-3.56 


3 


Mon. ; us. xls. 


C. prism. 
F. uneven 




Wh., gry., 
bm., grn. 


Vitr. to 
pearly 


5-6 


2.70-2.72 


3-4 


Tri. ; us. • 
mass. 


C. basal, per. 

& pinac. 
F. uneven 




Cols., wh., 
gry., yel., 
red, bm. 


Vitreous; 
C. pearb' 


4.5-5 


2.8-2.9 


4 


Mon.; us. 
mass. 


C. pinac, per. 
F. uneven 




Wh., gry., 
grnh., blu- 
ish, redh. 


Vitr. to 
pearly 


5-6 


2.66-2.73 


3 


Tetr. 


C. prism, and 

pinac. 
F. uneven 




Cols, to wh. 


Vitreous 


5.5-6 


2.7-2.74 


4 


Tetr. 


C. prism and 

pinac. 
F. uneven 
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SECT] 



Micaceous or 
foliated 



Li flame; foliie 
elastic 



Decomposed 
by boiling 
cone. HsSOi. 
(FolisB lose 
luster and 
transp. and 
acid becomes 
turbid) ; folise 
elastic, except 
chlorite and 
kftnunererite 



Not decom- 
posed by 
boiling cone. 
HsS04. 
(Flakes re - 
tain luster 
and transp., 
acid remains 
clear) 



Easily fus. to wh. or 

gy. globule; acid 
lO in c.t. on in- 
tense ign. 



Easily fus. to dark 
globule 



Exfoliates greatly; 
fus. w. dif.; much 
HsO in c.t. 



Us. dk. col.; often w. 
quartz and feldspar 
and in igneous 
rocks. 



Name. 



Composition. 



LEPiDOLITE 

(Llthla Mica) 
T467 S624 



Zinnwaldite 
T467 S626 



Cookeite 

T467 S625 



LiKIAl(OH.F),lA 
(SiO.). 



(K,Li).Fe(A10) 
[Al(F,OH),lAl(Si( 

LiIAl(F,OH),] 

(SiO,), 



Gel. w. HCl. 



BIOTITE 

(Blacic Mica) 
T467 S627 



LEPIDOMELANE 

T470 S634 



Lt. to dk. col. ; us. in 
xln. limestone; 
much more readily 
decomposed than 
biotite 



Folise flex, but not 
elastic ; much H«0 



PHLOQOPITE 

(Magnesia Mica) 
T469 S632 



CHLORITE 

(CllDOchlare, Penn- 
inlte, Prochlorlte) 
T472 S643 



Col. rdh. ; Cr in bo- ' Kammererite 
rax bd. (Chrome Chlorite) 

T474 S652 



Common It. colored 
mica; elastic; us. 
w. quartz and feld- 
spar. Fine scaly us. 
soapy feel, damou- 
rite, sericite, hydro- 
mica 



Na flame 



MUSCOVITE 

(Potash Mica.Damour- 
Ite; Sericite. Hydro- 
mica) 
T464 S614 



Soft; greasy feci; fo- 
lise flex, but not 
elastic (cp. musco- 
vite, above) 



Pr.ragonite 
(Soda Mica) 
T467 S623 



TALC 

(Steatite. Soapatone) 
T479 S678 



Foliae brittle; harder 
than true micas 



Margarite 

(BritUe Mica) 
T470 S636 



(K.H),(Mg,Fe), 
(Al.Fe),(Si04) 



(K.H)J5'e,(Fe,Al), 
(Si04)i 



[H.K.Mg(F. OH): 

Mg^Al(Si04)» 
(A Uttle Fe ISO. w. ; 
and Al) 



H8(Mg,Fe)*Al,Si^ 
(Often a lltUe Cr) 



H8(Mg,Fe)5(Al,0 
SijOi. 



H,KAl.(Si04). 
(Fe l80. w. Al) 



H,NaAl«(Si04)j 



H,Mg,(SiO«). 



HfCaAl«SifOi2 



DN 23. 
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' 


Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystallisa- 
tion. 


Cleavage and 
Fracture. 


I 


Lilac, gryh- 
wh., redh., 
yelh. 


Pearly 


2.5-4 


2.8-2.9 


2-2.5 


Mon.; us. 
gran, or 
scaly 


C. basal, per. 


k). 


Gry., brn., 
yel., violet 


Pearly 


2.6-3 


2.82-3.2 


2-2.5 


Mon. 


C. basal, per. 




Wh. to yelh- 
grn. 


Pearly 


2.5 


2.70 


4.5-5 


Mod.; 
us. scaly 


C. basal, per. 


i 


Gm., yel., 
bm., blk. 


Splendent 
to pear- 
ly and 
submet. 


2.5-3 


2.7-3.1 


5 


Mon. 


C. basal, per.. 


k 


Blk. to 
gmh-blk. 


Adamant 
to pearly 


3 


3-3.2 


4.5-5 


Mon. 


C. basal, per. 


1 

Iff 


Yelh-bm., 
gru., wh.» 
cols. 


Pearly to 
submet. 


2.5-3 


2.78-2.85 


4.5-5 


Mon. 


C. basal, per. 


^s 


Grn. of va- 
rious shades 


Vitr. to 
pearly 


1-2.5 


2.6-2.96 


5-5.5 


Mon. 


C. basal, per. 


ll- 


Rose-red to 
deep red 


Vitr. to 
pearly 


2-2.5 


2.65-3.1 


5-5.5 


Mon. 


C. basal, per. 




Wh., gryh., 
yelh., gruh., 
brnh. 


Vitr. to 
pearly 


2-2.5 


2.76-3 


4.5-5 


Mon. 


C. basal, per. 




Yelh., grnh., 
gryh-wh. 


Pearly to 
vitr. 


2.5-3 


2.78-2.90 


5 


Mon.; us. 
scaly, gran. 


C. basal, per. 




Apple-grn., 
gry., wh. 


Greasy; 
C. pearly 


1-2.5 


2.55-2.80 


5 


Orth.(?); us. 
fol. or mass. 


C. basal, per. 




Pink, gry., 
wh., yelh. 


Vitreous; 
C. pearly 


3.5-4.5 


2.99-3.08 


4-4.5 


Mon. 


C. basal, per.; 
brittle 



M 
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SECTION 








Name. 


Compositio 


FELD- 
SPARS: 

2 cl. at 90° 


K flame, w. 
powdered 
gypsum 


Microcline may show 
striations on cl. or 
xl. faces, but us. not 
disting. by phys. or 
bp. characters 


ORTHOCLASE 

(Potash Feldspar) 
T370 S315 


KAlSiaO. 
(Na tso. w. E) 


or nearly 
so; It. col. 
Fus. dif. 


MICROCLINE 

T373 S322 


KAlSisOs 
(Na too. w. K) 


H. near 6 
G. 2.5-2.8 


Strong Na 
flame w. pow- 
dered g y p - 
sum; iitUeor 
noK 


Us. fine striations on 
best cleav. ; these 
Plagioclase Feld- 
spars form a con- 
tinuous series from 
albite to anorthite 
and are scarcely 
disting. by b p. 
methods. Labra- 
dorite slightly sol. 
in HCl; anorthite 
slowly sol. giving 
gel. aoL 


ALBITE 

(Soda Feldspar) 
T377 S327 


NaAlSiaO. 
(Us. some Ca; oJ 
also) 




OLIOOCLASE 

(Na-Ca Feldspar) 
T378 S332 


n(NaAlSitO0 
m(CaAljSiaO«) 
(m : n-6 : 1 to3 




ANDESINE 

(NarCa Feldspar) 
T379 S333 


n(NaAlSiaO») 
m(CaAliSijO») 
(m : n-3 : 2 to 1 




LABRADORITE 

(CarNa Feldspar) 
T379 S334 


n(NaAlSi»0») 
m(CaAl,Si«08) 
(m : n-3 : 4toI 




ANORTHITE 

(Lime Feldspar) 
T380 S337 


CaAljSijOg 
(Us. also some Ni 


Li flame (sometimes 
obscured by Na). 
(Cp. lepidoUte) 


Swells and fus. to clear or wh. 
glass. Hiddenite (emerald- 
green) and kunzite (lilac) are 
transp. 


SPODUMENB 

(Hiddenite; 
Kiuilte) 
T393 S366 


LiAl(SiO,)« 
(Na ISO. w. LI) 




Blue phosphorescence with 
gentle heat. Fus. to wh. 
enamel 


Petalite 

T369 S3 11 


LiAl(Si,O0. 
(Na ISO. w. LI) 




F reac. w. glass and KHSO4; 
P reac. after fus. w. soda 


Amblygonite 

T503 S781 


Li(AlF)PO« 

(Na too. w. LI: 


B flame (Cp. axi- 
nite, below) 


Rdh. phosphorescence on heat- 
ing; fus. to cols, glass 


Dan bu rite 

T431 S490 


CaB,(Si04)i 




Fus. w. intumes. to wh. glob- 
ule; Cl reac. w. CuO on ch. 


Boracite 

T518 S879 


MgiCUBnOw 




Much HjO in c.t. 


Howlite 
T519 S881 


Ca(BO.OH)6Si 


B flame w. KHSO4 
and fluorite 


Fus. w. intumes. and pale B 
flame 


Axinite 

T441 S527 


Ca7Al4B,(Si04) 

(Mn. Fe, Ms, Zn 
w. Ca) 






Fus. w. intumes. to blebby 
glass or slag. Pyroelectric, 
especially lighter colored va- 
rieties. Achroite cols. ; indi- 
colite blue; rubellite red 


TOURMALINE 

(Schorl: Achroite; In- 

dlcollte; RubelUte) 
T447 S551 


Ri«(BOH),(SiC 

(R-Al. Fe. Mg 
often some M 
Na. K. LI. H) 

(F too. w. OH) 
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hiK 



i:l) 



:i) 



l;8) J 



Jr.F) 



Color. 



Luster. 



Cols., wh., 
cream, flesh- 
red, gry.,grii. 



Vitreous 
to pear- 
ly 



Wh., cream, 
red, gm. 



Vitr. to 
pearly 



Cols., wh., 
gry., redh., 
grn. 



Vitreous 
to pear- 
ly 



Cols., wh., 
gry., gmh., 
bluish, redh. 

Often a beau- 
tiful play of 
colors on the 
pinacoid 
(010) 



Vitr. to 
pearly 



Cols., wh., 
gry., redh. 



Wh., gry., 
pink., emer- 
ald-grn., 
purple 



Wh., gry., 
pink, grnh. 



Wh. to pale 
grn., or blue 



Wh. to pale 
yel., yelh- 
brn. & cols. 



Cols., wh., 
gry., yel., 
grn. 



kiao. 






Wh. 



Clove-brn., 
gry., grn., 
yel., blk. 



Blk., bm., 
grn., blue, 
red, pink 
wh. 



Vitr. to 
pearly 



Vitr. to 
pearly 



Vitreous; 
C. pearly 



Vitr. to 
greasy; 
C. pearly 



Vitreous 



Vitreous 



Vitreous 



Vitreous 



Vitreous 
to res. 



Hard- 
ness. 



6 


6-6.5 


6-6.5 


6-6.5 


5-6 


5-6 


6-6.5 


6.5-7 



6-6.5 



6 



7-7 . 25 



3.5 



6.5-7 



7-7.5 



Specific 
Gravity. 



2.57 



2.54-2.57 



2.62-2.65 



2.65-2.67 



2.68-2.69 



2.70-2.73 



2.74-2.76 



3.13-3.20 



2.39-2.46 



3.01-3.09 



Fusi- 
bility. 



4-4.5 



3.5-4 



3.6-4 



3-3.5 



4.5-5 



3.5 



Crystalliza- 
tion. 



Mon.; 
Figs. 64-66 



Tri. 



Tri.; Fig. 68 



Tri.; us. mass. 



Tri. ; us. mass. 



Tri. ; us. mass. 



Tri. 



Mon.; 
us. prism. 



Mon.; 
us. mass. 



Tri.; us. mass. 



2.97-3.02 3.5 



2.9-3.0 



2.55-2.59 



3.27-3.35 



2.9&-3.20 



2-2.5 



3-5 
Us. .3 



Orth. 



Iso. tetrh.; 
us. xls. 



Nodular, fi- 
brous 



Tri. Fig. 67 



Hex. rhom.; 
hemimor. 
Fig. 51 



C. basal, per 
and pinac.89'^30' 



Cleavage and 
Fracture. 



C. basal, per. 
and pinac. 90** 



C. basal, p«r. 
and pinac. 
86° 24' 



C. basal, per. 
and pinac. 
86° 32' 



C. basal, per. 
and pinac. 
86° 14' 



C. basal, per. 
and pinac. 
86° 4' 



C. basal, per. 
and pinac. 
85° 50' 



C. prism, per. 
F. uneven 



C. basal, per. 
F. uneven 



C. basal, per. 
F. uneven 



F. uneven 



F. conch. 



F. splint, or 
smooth 



C. pinac. 
F. conch. 



F. conch to 
uneven 




ii 
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SECTION 







Name. 


Compositior 


Mn in soda bd. 


Gel. w. HCl after fus.; iso. 


SPESSARTITE 

(Mn Garaet) 
T417 S442 


Mn»Al,(Si04). 
(Us. also Fe and C 




Do not gel. 
after fus. ; 2 
cl. nearly 
90" 


Fus. to nearly 
blk. glass 


RHODONITE 

T395 S378 


MnSiOi 
(Fe. Ca lao. w. &£n 




Wh. ZnO subl. 
w. soda on ch. 
(slight) ; grn. 
w. Co(NOi)i 


Fowlerite 
(Zn Rhodonite) 
T396 S378 


(Mn,Zn)SiO. 
(Fe. Ca. Mg lao. w. 




Jefferson ite 

(Mn-Zn Pyroxene) 
T390 S358 


(Ca,Mn)(Mg,Fe 
(SiO.)« 




Fus. to brnh. 
glass 


Schefferite 
(Mn Pyroxene) 
T389 S367 


(Ca,Mn)(Mg,Fe 
(SiO«)« 




Fur. w. much intumes. to blk. 
glass 


Piedmontite 

(Mn Eptdote) 
T440 S521 


Cai(A10H)(Al.N 
Fe)(SiO0« 




C. perf. at 55® and 125** (Am- 
phibole) 


Richterite 
(Mn Amphfbole) 
T401 S391 


(Mg.Mn,Ca,Na2: 
(SiO.)4 




Cb reac. after fus. w. borax; 
samarskite gives U reac. in 
s.ph. bd. 


COLUMBITE 

T490 S731 


(Fe,Mn)Cb,Oe 
(Alao Ta. and some 
andW) 




Samarskite 
T492 S739 


R,"R,'"(Nb,Ta). 
(R" - Fe, Ca. XJOti 
R"'-CeandYmet 




W reac. 
after fus. 
w. soda 


W. little soda on 
ch. becomes mag. 
(Cp. ferberite) 


WOLFRAMITE 

T539 S982 


(Fe,Mn)W04 




Yel. WOi res. on 
boiling in HCl. 
Scheelite reacts 
for Ca w. am. 
oxalate 


Hubnerite 

T539 S982 


MnWO* 
(Fe Iso. w. Mn) 




Scheelite 

T540 S985 


CaWOi 

(Us. also Mo; somet 


Ti in s.ph. bd. 


Fus. w. slight intumes. to col- 
ored glass 


TITANITE 

(Rphene) 
T485 S712 


CaTiSiOi 
(Some Fe; somet. M 










Benitoite 
Ap. II, 14 


BaTi(SiO,)a 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Bmh-red to 
hyacinth- 
red 


Vitreous 


6.5-7.5 


4.0-4.3 


3 


Iso.; us. xls. 


F. uneven to 
conch. 




Rose-red, 
pink, bm. 


Vitreous 


5.5-6.6 


3.4-3.68 


2.5-3 


Tri. ; us. mass. 


C. prism, per. 
F. uneven 


n) 


Rose-red 


Vitreous 


5.5-6.5 


3.67 


2.5-3 


Tri. 


C. prism, per. 
F. uneven 


Q) 


Gmh-blk. to 
bm. 


Vitreous 


5-6 


3.6 


3-3.5 


Mon. 


C. prism. 
F. uneven 




Yelh-bm., 
redh-bm., 
blk. 


Vitreous 


5-6 


3.5 


4 


Mon. 


C. prism. 
F. uneven 


« 


Redh-bm. to 
redh-blk. 


Vitreous 


6.5 


3.404 


3 


Mon. 


C. basal, per. 
F. uneven 




Bm., yel., 
rose-red 


Vitreous 


5.5-6 


3.09 


4 


Mon.; prism. 


C. prism., per. 
F. uneven 


a 


Fe-blk. to gry. 
& bmh-blk. 


Res. to 
submet. 


6 


5.3-6.5 


5-5.5 


Orth.; 
us. prism. 


F. uneven 


SI 

3) 


Velvet-blk. 


Vitreous 
to res. 


5-6 


5.6-5.8 


4.5-5 


Orth.; 
us. mass. 


F. conch. 




Dk. gryh-blk. 
to brnh. blk. 


Res. to 
submet. 


5-5.5 


7.2-7.5 


3-3.5 


Mon. ; us. xls. 


C. pinac. per. 
F. uneven 




Bm. to bmh- 
blk. 


Res. 


5-5.5 


6.89-7.35 


4 


Mon. 


C. pinac. per. 
F. uneven 


3U) 


Wh., yel., 
gm., brn., 
redh. 


Vitr. to 
adamant 


4.5-5 


5.9-6.1 


5 


Tetr. 


C. pyram. 
F. uneven 


I) 


Gry., bm., 
yel., gru. 


Res. to 
adamant 


5-5.5 


3.4-3.56 


3 


Mon. ; us. xls. 


C. prism. 
F. uneven 




Sapphire- 
blue, It. 
blue, cols. 




6.25-6.5 


3.64-3.65 


3 


Hex.; 
us. prism. 
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SECTION 






Name. 


Composition. 


GARNET. — F u 8. 
quietly (except u- 
varovite) and gel. 
w. HCl after fus. 
Us. dodecahe- 
drons and trapezo- 
hedrons. (Figs. 13, 


Ca (groHHularite) or Mg (py- 
rope) ppt. after fus. w. soda 
and separating Si and Al. 
(See SiUcon (2)) 


QROSSULARITE 

(Ca-Al Garnet) 
T416 S439 


CaaAli(Si04)8 
(Fe, Mg. Mn ISO. w. 
Fe ISO. w. Al) 


PYROPE 

(Mg-Al Garnet) 
T416 S440 


Mg,Al,(Si04). 
(Fe. Ca 180. w. Mg; 
Fe. Cr. ISO. w. Al) 


17, 18) 


Fus. to mag. globule 


ALMANDITE 

(Fe-Al Garnet) 
T416 S441 


Fe,Al,(Si04). 
(Mn. Mg, Ca l80. w. 




Mn in borax bd. (strong) 


SPESSARTITE 

(Mq Garnet) 
T417 S442 


Mn.Al,(Si04). 
(Fe. Ca Iflo. w. Mn; 
Fe ISO. w. Al) 




Partially sol. in HCl w. gel. 
sil. 


ANDRADITE 

(C»-Fe Garnet) 
T417 S437 


CaiFe,(Si04)i 
(Fe, Mn. Mg, Ca tao 
Ca; Al ISO. w. Fe) 




Cr in s.ph. bd.; fus. w. dif. 


Uvarovite 

(Ca-Cr Garnet) 
T417 S444 


CaaCr,(Si04)« 
(Al ISO. w. Cr) 


AMPHIBOLE 

Group. — F u s . 
quietly or w. little 
intumes. Prism 
and cl. angles 56° 
and 124°. Xls. us. 
prismatic, often 
divergent or ra- 
dial-columnar. 


Fus. to dark shiny globule; 
us. intumes. slightly and 
gives Na flame 


HORNBLENDE 
AMPHIBOLE 

T402 S392 


Ca(Mg,Fe),(SiO,) 
Nat(Al,Fe),(SiO 
(Mg,Fe)2(Al,Fe) 
(SiO«), 


Fus. to grnh. or brnh. globule; 
but little Na flame 


ACTINOLITE 

(Nephrite or Jade 
when compact) 
T400 S389 


Ca(Mg,Fe),(SiO.) 


Separate xls. us. 
6-sided, vertically 
striated, and ter- 
minated by 2 


Fus. to cols, or nearly cols, 
glass; sometimes asbesti- 
form (fibrous) 


TREMOLITE 

(Asbestos m part) 
T400 S388 


CaMg,(SiO,)4 


planes 


Dif. fus. (5-6); sometimes 
asbestiform 


Anthophyllite 

(Asbestos m port) 
T398 S384 


(Mg,Fe)Si03 
(Somet. also Al) 




Strong Na flame (Cp. riebeck- 
ite) 


QIaucophane 

T403 S399 


Na,Al,(Si03)4. 
(Mg,Ce,Fe)4(Si< 


PYROXENE Group. 
, — Fus. quietly or 

w. little intumes. 

Prism and cleav. 

angles 87° and 

93°; cleav. not 


Dif. fus. (6) ; luster often me- 
taloidal (Cp. hypersthene) 


ENSTATITE 

(Bronzlte) 
T384 S346 


(Mg,Fe)Si03 


Fus. to cols, or nearly cols, 
glass 


DIOPSIDE 

T388 S356 


CaMg(SiO,), 
(Fe ISO. w. Mg) 


very pronounced. 
Xls. us. nearly 
square prism w. 
truncated edges. ' 


Fus. to grnh. or brnh. glass; 
col. deepens w. increase of 
Fe. Diallage is lamellar to 
fibrous w. pearly to metal- 
loidal luster 
(Continued next page) 


PYROXENE 

(Diallage) 
T387 S356 


Ca(Mg,Fe)(Si03)j 


Basal parting of- 
ten distinct 


Hedenbergite 
T389 S352 


CaFe(SiO,), 
(Mg ISO. w. Fe) 



3- 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


CrystAlliza- 
tion. 


Cleavage and 
Fracture. 


a; 


Pale red, yel., 
grn., wh. 


Vitreous 


6.5-7.5 


3.55-3.66 


3 


Iso.: us. xls. 


F. uneven to 
conch 




Deep red to 
redh-blk., 
rarely purple 


Vitreous 


6.5-7.5 


3.7-3.75 


3.5-4 


Iso.; US. xls. 


F. uneven to 
conch. 


•e) 


Deep red to 
brnh-blk. 


Vitreous 


6.5-7.5 


3.9-4.2 


3 


Iso.; us. xls. 


F. uneven, 
conch. 




Brnh-red to 
hyacinth- 
red 


Vitreous 


6.5-7.5 


4.0-4.3 


3 


Iso.; us. xls. 


F. uneven to 
conch. 


w. 


Wine-red, 
grnh., yel., 
brn. to blk. 


Vitr. to 
res. 


6.5-7.5 


3.8-3.9 


3.5 


Iso.; us. xls. 


F. uneven to 
conch. 




Emerald-gm. 


Vitreous 


7.5 


3.41-3.52 


5.5-6 


Iso.; us. xls. 


F. conch. 


)4. 


Grn. to blk. 


Vitr. to 
pearly 


5-6 


3.05-3.47 


3-4 


Mon. ; us. xls. 


C. prism, per. 
F. uneven 




Grn. of va- 
rious shades 


Vitr. to 
pearly 


5-6 


3.0-3.2 


4 


Mon.; prism. 


C. prism, per. 
F. uneven 




Wh., gry. 


Vitr. to 
pearly 


5-6 


2.9-3.1 


4 


Mon. 


C. prism, per. 
F. uneven 




Gry., clove- 
brn., gi*n. 


Vitr. to 
pearly 


5.5-6 


3.1-3.2 


5-6 


Orth. ; us. fibr. 
or mass. 


C. prism, per. 


►3)4 


Lavender-blue 

to azure-blue; 

gryh., and 

bluish-blk. 


Vitr. to 
pearly 


6-6.5 


3.10-3.11 


3-3.5 


Mon.; 
us. mass. 


C. prism, per. 
F. uneven 




Yelh., gry., 
brn., grn. 


Pearly to 
bronzy 


5.5 


3.1-3.3 


5-6 


Orth.; 
us. mass. 


C. prism. 
F. uneven 




Cols., wh., 
pale grn. 


Vitreous 


5-6 


3.2-3.38 


4 


Mon. ; us. xls. 


C. prism. 
F. uneven 




Lt. to dk. grn. 


Vitreous 


5-6 


3.1-3.5 
Us. 3.3 


4 


Mon. ; us. xls. 
Figs. 62, a3 


C. prism. 
F. uneven 




Grnh-blk. to 
blk. 


Vitreous 


5-6 


3.5-3.58 


2.5-3 


Mon. 


C. prism. 
F. uneven 



/■ 



N 
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SEcnois 







Name. 


Compositio] 




Fus. to shiny blk. glass; often 
Na flame; contains Al and 
ferric Fe 


AUQITE 

(Common Pyroxene of 

IgneouB rocks) 
T390 S358 


Ca(Mg,Fe)(SiO 
(Mg.Fe)(Al.Fe) 
Na(Al.Fe) (SiO« 




Fi]R. to blk. globule, some- 
what mag. ; strong Na flame 


Acmite 

(Aegirlte) 
T391 S364 


NaFe'"(SiO,), 




Fus. readily to transp. blebby 
glass; Na flame. Us. in very 
tough compact mass 


Jadeite 

(Jade In part) 
T393 S369 


NaAl(SiOs)s 


Fu8. easily to wh. 
transl. glass 


Wh. ppt. BaS04 in HCl sol.; 
much HsO in c.t. at low 
temp. 


Harmotome 

T456 S581 


Hs(Ba,Ks)Als(Si 
4 HsO 


Fus. easily to cob. 
blebby glass 


Sol. w. gel. after ign.; HsO in 
c.t.; very hard 


Lawsonite 
T447 Ap. I, 41 


Ca(Al(OH),],(Si 


Fus. dif . and quietly 
(Cp. sericite, va- 
riety of musco- 
vite) 


Whitens and fus. to vesic. sco- 
ria; varieties with Na, Li, 
Cs, more fus. 


BERYI. 

(Emerald, deep gm.; 

T405 S406 


HsGl»Al«SiisOs7 
(Naa.Lls.C8ii80.i 




A little HsO on intense ign. of 
I>owder in c.t. 


lolite 

(Cordlerlte) 
T407 S419 


H,(Mg.Fe)4 
AlsSiioOsT 


Fus. to wh. enamel 
w. orange-yel. 
phosphorescence 


Acid HsO in c.t.; P reac. w. 
am. mol. after fus. w. soda 


Herderite 
T503 S760 


Ca[Gl(F,OH)]P< 


Fus. w. intumes. 


To grnh. or bmh. glass; gel. w. 
HCl after fus. 


VESUVIANITE 

(Idocraae) 
T427 S477 


Ca»IAl(OH,F)] 
(Al,Fe),(SiO 
(Mg. Fe. Mn Iso. m 




To wh. blebby glass; strong 
Na flame; AgCl ppt. w. 
AgNOi in dil. HNOi sol. af- 
ter fus. w. soda 


WERNERITE 

(Scapollte) 
T425 S468 


n(Ca4Ai«Si«Os5) 
m(Na4Al,Ri.Os4C 
(n :m«3 : 1 to 1 : 




To wh. blebby glass; gel. w. 
HCl after fus. HsO in c.t. 


PREHNITE 

T442 S530 


HsCatAlsCSiOOi 
(Fe too. w. AI) 




To a slag which 
gel. w. HCl; 
a little HsO 
o n intense 
ign. of lew- 
der in c.t. 


Lt. col. slag 


ZOISITE 

T437 S513 


Cas(A10H)Als(SJ 




Bm. or blk. 
slag; us. 
mag. 


EPIDOTE 

(Plstacite) 
T438 S516 


Cas(A10H)(Al,F 
(SiO«), 


Exfoliates and fus. 
w. dif. Greasy 
feel 


Pink col. ai 
Co(NOa)s; ui 
c.t. on intenst 


'ter ign. w. 
I. gives HsO in 
sign. 


TALC 

(Steatite, Soapetone) 
T479 S678 


HsMg«(SiOs)4 



i — Continued. 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Fusi- 
bility. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


»•. 


Grnh-blk. to 
blk. 


Vitreous 


6-6 


3.26-3.43 


3^ 


Mon. 


C. prism. 
F. uneven 




Grnh. to 
bmh-blk. 


Vitreous 


6-6.5 


3.50-3.65 


3.6 


Mon.; prism. 


C. prism. 
F. uneven 




Wh., gryh., 
grnh. 


Vitreous 
C. pearly 


6.5-7 


3.33-3.35 


2.5 


Mon.; 
us. mass. 


C. prism. 
F. splint. 


». 


Wh., gry., 
yel., red, bm. 


Vitreous 


4.5 


2.44-2.50 


3.5 


Mon.; 
us. twinned 


C. pinac. 
F. uneven 


t 


Pale blue to 
gryh-blue 


Vitr. to 
greasy 


8.25 


3.084- 
3.091 


3 


Orth.; us. xls. 


C. basal and 
pinac, per. 


1) 


Gm., blue, 
yel., pink, 
cols. 


Vitr. to 
res. 


7.5-8 


2.63-2.80 
Us. 2.69- 
2.7 


6-5.5 


Hex. ; us. xls. 


F. conch, to 
uneven 




Blue to violet 
and cols. 


Vitreous 


7-7.5 


2.60-2.66 


6-5.6 


Orth. 


C. pinac. 
F. conch. 




Wh. to pale 
gm. or yel. 


Vitreous 


5 


2.99-3.01 


4-5 


Mon. 


F. uneven 


a) 


Grn., bm., 
yel., blue, 
red 


Vitr. to 
res. 


6.5 


3.36-3.46 


3 


Tetr. 
Figs. 37, 38 


F. uneven 




Wh., gry., 
grnh., blu- 
ish, redh. 


Vitr. to 
pearly 


6-6 


2.66-2.73 


3 


Tetr. 


C. prism, and 

pinac. 
F. uneven 




Apple-gru., 
gry., wh. 


Vitreous 


6.6-5 


2.80-2.95 


2 


Orth.; 
us. renif orm 


F. uneven 


)« 


Gryh-wh., 
gm., pink, 
yelh-brn. 


Vitreous; 
C. pearly 


6-6.5 


3.26-3.37 


3-4 


Orth.; 
us. prism. 


C. pinac. per. 
F. uneven 




Yelh. to blkh- 
gm., gry. 


Vitreous 


6-7 


3.25-3.6 


3^ 


Mon.; 
us. prism. 


C. basal, per. 
F. uneven 




Apple-grn., 
gry., wh. 


Greasy; 
C. pearly 


1-2.5 


2.56-2.80 


5 


Orth.(?); us. 
fol. or mass. 


C. basal, per. 



/^ 
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SECTI4 


1 








Name. 


Composition 


CARBO- 
NATES.— 

COi efferv. 
in dil. HCl 


Sr flame; swells 
and throws out 
fine branches 
on intense ign. 


Wh. ppt. SrSOi w. 
dil. HsS04 in dU. 
HCl sol. 


STRONTIANITE 

T362 S285 


SrCOi 1 
(Somet. Ca too w. 8i)i 




Ba flame on in- 
tense ign. 


Wh. ppt. BaSOi w. 
dil. H,S04 in dil. 
HCl sol. 


Barytocalcite 
T364 S289 


CaBa(CO»)s 




Ca flame w. 
HCl; dil. 
HtSO« gives 
w h . ppt. 
CaSOi i n 
cone. HCl sol. 
but not in 
very dil. sol., 
showing pres- 
ence o f Ca 
and absence 
of Sr and Ba 


Lumps efferv. freely 
in cold dil. HCl. 
Aragonite falls to 
powder below red 
heat in c.t. 


CALCITE 

(Calc Spar; Marble; 
Limestone; CIiaUe.) 
T354 S262 


CaCOi 
(Mg. Fe. Mn. Pb liMMi 




ARAQONITE 

T361 S281 


CaCOs 
(Sr. Pb too. w. Ca) 




Lumps efferv. freely 
in hot but not in 
cold dil. HCl; sol. 
reac. for Mg after 
ppt. of Ca 


DOLOMITE 

(Pearl Spar) 
T357 S271 


CaMg(CO.)s 
(Fe, Mn. too. w. Mg) 




Becomes blk. and 
slightly mag. on 
ign.; much Fe(0H)3 
ppt. w. am. after 
boiling HCl sol. w. 
a drop of HNOi 


Ankerite 

(Fe Dolomite) 
T358 S274 


Ca(Mg.Fe)(CO.), 
(Mn too. w. Mg) 




Much HsO in c.t.; 
wh. BaSO« ppt. w. 
BaCl, in dil. HCl 
sol. 


Thaumasite 
T483 S698 


CaCOi.CaSiOs.Cal 
ISHsO 




Contains Mg. 
— Little or no 
ppt. w. am. 
oxalate in 
HCl sol., but 
much w. Na 
phosphate 

Alkaline reac. 
w. turmeric 
paper may be 
weak 


Scarcely affected by 
cold cfil. HCl. Wh. 
fragments become 
pale pink on ign. w. 
Co(NOi)s. Breun- 
nerite gives much 
Fe(OH)» ppt. w. 
am. after boiling 
HCl sol. w. a drop 
of HNOi. Hydro- 
magnesite gives 
much HsO in c.t. 


MAQNESITE 

T358 S274 


MgCO, 
(Fe too. w. Mg) 




Breunnerite 

(Fe Magneslte: 
Brown Spar) 
T358 S274 


(Mg,Fe)CO, 
(Mn too. w. Mg) 




Hydromagnesite 
T367 S304 


Mgs(MgOH)s(CO,: 


Sol. quietly 
in warm HCl 


Glows on ign.; becomes pale pink if 
previously moistened w. CoCNOs)! 


BRUCITE 

T351 S252 


Mg(OH)s 
(Fe. Mn too. w. Mg) 


Sulphates. — 
Acid HsO in 
c.t. and SOi 
odor after 
intense ign. 


Al reac. w. 
Co(NO,)t 


ReadUy sol. in HsO 


Kalinite 

(Potash Alum) 
T535 S951 


KAl(S04)s.l2HsO 


Slowly attacked by HCl 


Alunite 

T637 S974 


K[Al(OH).],(SO«), 
(Na too. w. K) 



^ 24. 
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' 


Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Wh., gry., yel., 
gru. 


Vitreous 


3.5-4 


3.68-3.71 


Orth.; us. 
columnar 


C prism. 
F. uneven 




Wh., gry., yel., 
gru. 


Vitreous 


4 


3.64-3.66 


Mon.; 
us. prism. 


C. prism, per. 
F. uneven 


w.Ca) 


Cols., wh., 
and various- 
ly tinted 


Vitreous 


3 


2.71-2.72 


Hex.; rhom. 
Figs. 45-50 


C. rhom. per. 
F. conch. 




Cols., wh., and 
variously 
tinted 


Vitreous 


3.&-4 


2.93-2.95 


Orth. 


C. pianc. poor 
F. uneven 




Cols., wh., and 
variously 
tinted 


Vitr. to 
pearly 


3.&-4 


2.8-2.9 


Hex. rhom. 


C. rhom. per. 




Bm., gry., 
redh., seldom 
wh. 


Vitr. to 
pearly 


3.5-4 


2.95-3.1 


Hex. rhom. 


C. rhom. per. 


IO4. 


Wh., cols. 


Vitr. to 
dull 


3.5 


1.877 


Hex.; fibr. or 
mass. 


F. splint. 




Wh., yel., gry., 
bm. 


Vitreous, 
silky, 
dull 


3.5-4.6 


3.0-3.12 


Hex. rhom.; 
us. mass. 


C. rhom. per. 




Yelh., bmh., 
gry. Seldom 
wh. 


Vitreous 


3.5-4.5 


3.0-3.2 


Hex. rhom. 


C. rhom. per. 


.3HjO 


Wh. 


Vitr. to 
silky 


3.5 


2.15 


Mon.; us. acic. 






Wh., gry., gm., 
blue 


Waxy,vitr. 
C. pearly 


2.5 


2.38-2.4 


Hex. rhom.; 
us. tab. 


C. basal, per. ; 
flex. 


1 


Cols., wh. 


Vitreous 


2-2.5 


1.75 


Iso. pyr.; 
us. fibr. 


C. conch. 




Wh., gry., 
redh. 


Vitreous 


3.5-4 


2.58-2.75 


Hex. rhom. 


C. basal 
F. uneven 




- I 
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SECTM 









Name. 


Compositioi 


CARBO- 
NATES.— 

COt eflerv. 
in dU HCl. 


Mn in borax 
bd. 


Sometimes enough 
Fe to make mag.on 
ch. 


RHODOCHROSITE 

(Dlftlodte) 
T359 S278 


MnCO, 
(Ca. Fe. Mg. Zn too. 


Ni in borax bd. 


HaO in c.t. 


Zaratite 

T367 S306 


(NiOH)tCO..Ni(0 
4HsO 




Wh. ZnO Bubl. 
w. Boda on ch. 
Gm. 8ubl. if 
ch. previous- 
ly moistened 
w. Co(NO»)i 


Little or no HaO in 
c.t. 


SMITHSONITE 

(Dry-tM>ne Ore; 

Calamine) 
T360 S279 


ZnCO. 
(Ca. Mg. Fe. Mn. Col 




HtO in c.t. : Cu flame 
w. HCl 


Aurichalcite 

T366 S298 


2(Zn,Cu)C0..3(Zi] 

(OH), 




H2O in c.t.; no Cu 


Hydrozincite 
T366 S299 


ZnCOi.2Zn(OH), 




Become blk. 
and mag. on 
ign. ; ferrous 


HCl sol. reac. for 
both Mg and Fe. 
(Sec breunnerite, 
Sec. 24) 


Breunnerite 

(Fe Macnesite; 
Brown Spar) 
T358 S274 


(Mg.Fe)CO« 
(Mn too. w. Ms) 




Little or no Mg or 
Ca. (See Magne- 
sium (3)) 


SIDERITE 

(SDathlc Iron) 
T359 S276 


FeCO. 
(Ca. Mg. Mn too. w. 1 




Mg reac. in 
HCl. sol. after 
removing Fe 
and Ca. (See 
Magnesium 
(3)) 


Little or no HiO in 
c.t. 


MAQNESITE 

T368 S274 


MgCO, 
(Fe too. w. Mg) 




Much HiO in c.t. 


Hydromagnesite 
T367 S304 


Mgi(MgOH)i(CO, 


SULPHIDES. 

— H,S ef- 
ferv. in hot 
HCl 


Wh. ZnO subl. after intense ign. w. 
soda on ch.; subl. gm. w. Co(NOi)t 


SPHALERITE 

(Zlno Blende) 
T291 S59 


ZnS 
(Fe. Mn. Cd too. w. 2 


Red-brn. CdO subl. after intense ign. 
w. soda on ch. 


Qreenockite 

T294 S69 


CdS 


SULPHATES. 

— Wh. ppt. 
BaS04 w. 
BaCls i n 
HCl Bol. 


Al reac. w. 
Co(NO.)i on 
ch. 


Readily sol. in H2O; 
K flame 


KaliniU 

(Potasb Alum) 
T635 S961 


KAl(S04)i.l2H,0 


Sol. in H,0; 
no flame reac. 


Alunogen 
T535 S958 


Al,(S04)s.l8H,0 




Insol. in HtO 


Aluminite 
T637 S970 


Ai,(0H)«SO4.7H*( 




Readily sol. in HsO; wh. ZnO subl. w. 
soda on ch. after intense ign. ^ 


Goslarite 
T533 S939 


ZnS04.7H«O 
(Fe too. w. Zn) 



)N S5. 
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L. 


Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


w.Mn) 


Rose-red, dk. 
red, brn. 


Vitr. to 
pearly 


3.5-4.6 


3.45-3.60 


Hex. rhom.; 
us. mass. 


C. rhoni. per. 
F. uneven 


'H)a. 


Emerald-grn. 


Vitreous 


3-3.25 


2.6-2.7 


Mass.; com- 
pact 


F. smooth 


tao. w. Zq) 


Brn., grn., 
blue, pink, 
wh. 


Vitreous 


5 


4.30-4.45 


Hex. rhom.; 
us. botry. 


C. rhom. per. 
F. uneven 


uCu) 


Pale grn. to 
blue 


Pearly 


2 


3.54-3.64 


Mon. ; US. acic. 






Wh., gry., yel. 


Dull 


2-2.5 


3.58-3.8 


Earthy; com- 
pact 






Yelh. brnh., 
gry. Seldom 
wh. 


Vitreous 


O . &~4 . 


3.0-3.2 


Hex. rhom. 


C. rhom. per. 


,^) 


Gry. <fe brn. of 
different 
shades 


Vitr. to 
pearly 


3.5-4 


3.83-3.88 


Hex. rhom. 


C. rhom. per. 
F. uneven 




Wh., yel., gry., 
brn. 


Vitreous, 
silky, 
dull 


3.5^.5 


3.0-3.12 


Hex. rhom.; 
us. mass. 


C. rhom. per. 


)8.3HfO 


Wh. 


Vitreous 
to silky 


3.5 


2.15 


Mon.; us. acic. 




» 


Wh., grn., yel., 
red, bm., blk. 


Res. to 
adamant 


3.5-4 


3.9-4.1 


Iso. tetr.; 
us. mass. 


C. dodec. per. 
F. conch. 




Honey, citron, 
or orange-yel. 


Res. to 
adamant 


3.0-3.5 


4.9-5.0 


Hex. hemimor. ; 
us. incrust. 


C. prism. 
F. conch. 


1 


Cols., wh. 


Vitreous 


2-2.6 


1.75 


Iso. pyr.; 
us. fibr. 


C. conch. 




Wh., yelh., 
redh. 


Vitr. to 
silky 


1.5-2 


1.6-1.8 


Mon. ; us. fibr. 




i 

• 


Wh., opaq. 


Dull, 
earthy 


1-2 


1.66 


Mon. ; us. com- 
p a c t, r e n i- 
forri) 


F. earthy 




Wh., yelh., 
redh. 


Vitreous 


2-2.5 


1.9-2.1 


Orth.; 
us. mass. 


C. pinac. per. 
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SECTION Z 







Name. 


Compositio 


Contains Fe; black- 
ens and becomes 
strongly mag. 
b.b. ; f us. (5-6) in 
fine splinters; 
slowly sol. in HCl 


St. bmh- 
red 


Little or no HsO in 
c.t. 


HEMATITE 

T334 S213 


FejOt 


H«0 in c.t.; us. de- 
crepitates 


Turgite 

(Hydrohematlte) 
T350 S245 


(FeO.0H),Fe,O, 


to yel. sol. which 
reacts for ferric 
Fe 


St. yelh- 
bm. 
HX)in 
c.t. 


Us. prismatic xls. 


QOETHITB 

(Gdthlte) 
T349 S247 


FeO(OH) 




Amorphous, mam- 
miliary, botryoid- 
al, stalactitic 


LIMONITB 

(Brown Hematite; 

Bog Iron Ore) 
T350 S250 


Fe,(OH)eFe,Oa 


Mn in borax bd. 


Wh. ZnO subl. w. soda on ch. 
after intense ign. ; subl. grn. 
w. Co(NOi)i 


ZINCITE 

(Red Zinc Ore) 
T332 S208 


ZnO 
(Mn 180. w. Zn) 




Earthy, powdery, frothy; HsO 
in c.t. 


WAD 

(Bog Manganese) 
T362 S267 


MnO,Mn02,H,0 
(Often Fe. 81. Al. B 


Co in borax bd. 


Mn in soda bd.; HsO in c.t. 


Asbolite 
(Earthy Cobalt) 
T352 S258 


Co,Mn oxides 
(Often Fe. Si. Al) 


P reac. w. am. mol. 


Wh. CaS04 ppt. w. H1SO4 in 
cold cone. HCl sol. F reac. 
w. HjSO* 


APATITE 

T497 S762 


Ca4(CaF)(P04)i 
(Cl ISO. w. F. Bai 


Much Mg; no Ca 
(See Magnesium 
(3)) 


Brilliant glow on intense ign. ; 
Mg reac. w. Co(NOs)i on ch. 
if mineral is It. col. 


BRUCITE 

T351 S262 


Mg(OH), 
(Fe. Mnlso. w. Ms 



SECT 



Wh. ZnO subl. w. 
soda on ch. Grn. 
subl. if ch. pre- 
viously moistened 
w. Co(NO«)t. 


HtO in c.t.; pyroelectric 


CALAMINE 

(Hemlmorpbite: 
Smlthflonlte) 
T446 S546 


(ZnOH)»SiO» 


Little or no 
H2O in c.t. 


A little HsS on 
sol. in HCl 


Danalite 
T414 S435 


G1»R.(RS) (SiOf 
(R-Mn.Fe. Zn) 




No HaS on sol. 
in HCl 
(Cp. troostite) 


WILLEMITE 

T422 S460 


ZnjSiOi 

(Mn, Fe Ibo. w. Zi 


Cu globule w. soda 
on ch. 


HjO in c.t. 


Dioptase 

T424 S463 


HaCuSiO* 
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• 


Color. 


liuster. 


Hard- 
ness. 


Specific 
Gravity. 


Crj'stalliza- 
tion. 


Cleavage and 
Fracture. 




Red to redh- 
blk. 


Dull to 
submet. 


5.5-6.5 


4.9-5.3 


Mass.; earthy 


F. uneven, 
splint. 




Red to redh- 
blk. 


Dull to 
submet. 


5.5-6 


4.14-4.6 


Bo try. ; crusts 


F. uneven, 
splint. 




Yel. or redh- 
brn. to blk. 


Dull to 
adamant. 


5-5.5 


4-4.4 


Orth.; 
us. prism. 


C. pinac. per. 
F. splint. 




Yel., brn. to 
brnh. blk. 


Dull, 
siller 


5-5.6 


3.6-4 


Mass.; fibr. 


F. splint 




Deep red to 
orange-yel. 
St. yel. 


Adamant. 


4-4.5 


5.43-5.7 


Hex. hemimor. ; 
us. mass. 


C. basal, per. 
F. uneven 




Bluish or brnh- 
blk. to dull 
blk. 


Dull 


1-6 


3-4.26 


Earthy; mass. 


F. uneven 




Blk., bm. 


DuU 


1-2.6 


3.15-3.29 


Mass.; earthy 




r Mn) 


Grn., blue, 
violet, bm., 
yelh., cols. 


Vitr. to 
subres. 


4.5-5 


3.17-3.23 


Hex. 


C. basal 
F. uneven 




Wh., gry., 
grn., blue 


Waxy, 
vitr.; 
C. pearly 


2.5 


2.38-2.4 


Hex. rhom. ; 
us. tab. 


C. basal, per.; 
flex. 



)N 26. 





Wh,, pale-gm., 
blue 


Vitreous 


4.5-5 


3.4-3.5 


Orth. hemimor. 


C. prism, per. 
F. uneven 




Flesh-red to 

gry. 


Vitr. to 
res. 


5.5-6 


3.427 


Iso tetrh.; 
us. mass. 


F. uneven 




Yel., red, grn., 
bi'u., wh., 
cols. 


Vitreous 


5.5 


3.9-4.18 


Hex. rhom. 


C. basal and 

prism. 
F. uneven 




Emerald-grn. 


Vitreous 


5 


3.28-3.35 


Hex. rhom.; 
us. prism. 


C. rhom. per. 
F. conch. 
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SECTION 







Name. 


Compositic 


Fe in borax bd.; 
little or no H2O in 
c.t. 

(Cp. the next 3 
minerals, which 
often react for Fe) 


Much Mg but no Al or Ca in 
HCl sol. (See Magnesium 
(3)) 


CHRYSOLITE 

(Olivine, Peridot) 
T420 S451 


(Mg.Fe),Si04 


Swells and cracks apart on 
ign. ; often glows 


Qadollnlte 

T436 S509 


Gl,Fe(Y0),(Si04): 


F reac. w. KHSO4 
and glass in c.t.; 
may also react for 
Fe 


A little UaO on intense ign. in 
c.t.; disting. by xln. or by 
quantitative chemical analy- 
sis 


Chroridrodite 

T443 S536 


Mg,[Mg(F,OH)],( 


Humite 
T443 S 635 


Mg6[Mg(F,OH)],( 




Clinohumite 
T443 S538 


Mg7[Mg(F,OH)],( 


Al reac. w. Co(NOa)j 
on ch. 


Much UsO in c.t.; crumbles 
on ign. 


Allophane 

T483 S693 


Al^iOs.SHiO 



SECT» 



Cu globule w. soda 
on ch. 


Darkens and gives HsO in c.t. 


Chrysocolla 

T483 S699 


CuSi08.2HsO 


Ni in borax bd. 


Darkens and gives U2O in c.t. 


Qarnierite 

(Genthlte) 
T479 S676 


H,(Ni,Mg)SiO«.fi 


Blackens and be- 
comes mag. b.b. 


HsO in c.t.; ferric Fe in HCl 
sol. 


Chloropal 
T484 S701 


H6Fe,(Si04)».2H«( 


H2O in c.t.; amor- 
phous, fibrous, or 
foliated 


Us. compact grnh.; some- 
times fibrous (chrysotile, 
commercial "asbestos") or 
foliated (marmolite) 


SERPENTINE 

(Chrysotile; 

Marmolite) 
T476 S669 


H«(Mg,Fe),Si,09 
(Somet. Nl. lao. w. ^ 




Resembles a gum or resin 


Deweylite 

(Gynmlte) 
T479 S676 


H4Mg«(Si04)8.2H: 
(Somet. Nl ISO. w. M 




Compact ; fine earthy texture ; 
Mg reac. w. Co(NOi)j on ch. 
Fus. = 5. Adheres to tongue 


Sepiolite 
(Meerschaum) 
T480 S680 


HiMgsSiaOio 
(Somet. Cu and Nl la 


Al reac. w. Co(NO«)i 
on ch. 


K flame w. powdered gypsum ; 
us. trapezohedrons 


LEUCITE 

T381 .8342 


KAl(SiO.), 
(Na ISO. w. K) 




Clay-like; sometimes transl. 
or transp. in HsO 


Halloysite 
T481 S688 


HiAl,Si,O..nH,0 



J6 — Continued, 
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n. 


Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Olive-grn. to 
gryh-gm., 
brn. 


Vitreous 


6.5-7 


3.27-3.37 


Orth. Fig. 58 


C. pinac. 
F. conch. 




Blk., grnh.- 
blk., brn. 


Vitr. to 
greasy 


6.5-7 


4.0-4.5 


Mon.; 
us. mass. 


F. conch., 
splint. 


SiOO. 


Brnh-red., 
yel., wh. 


Vitreous 


6-6.5 


3.1-3.2 


Mon. 


C. basal 
F. uneven 


SiOOa 


Brnh-red, 
yel., wh. 


Vitreous 


6-6.5 


3.1-3.2 


Orth. 


C. basal 
F. uneven 


SiOO* 


Brnh-red., 
yel., wh. 


Vitreous 


6-6.6 


3.1-3.2 


Mon. 


C. basal 
F. uneven 




Cols., yel., 
grn., blue 


Vitr. to 
waxy 


3 


1.85-1.89 


Amorph. ; 
us. crusts 


F. conch. 



3N 27. 





Bhii.sh-grn., 
grnh-blue, 
brn., blk. 


Vitreous, 
earthy 


2-4 


2.0-2.24 


Mass.; earthy 


F. conch, to 
uneven 


H,0 


Pale to deep 
gm., yelh. 


Dull to 
res. 


1-4 


2.2-2.8 


Amorph. ; 
botry. 


F. uneven 


? 


Grnh. yel., 
pistachio-gm. 


Waxy 


2.5-4.5 


1 . 73-1 . 87 


Compact; 
amorph. 


F. conch., 
splint., earthy 


[g) 


Olive-grn., 
blkh-grn., 
yelh-grn.,wh. 


^Greasy, 
waxy, 
silky 


2.5-5 
Us. 4 


2.5-2.65 


Mass.; 
pseudm. 


F. uneven, 
splint. 


O 

s) 


Yelh-brn., wh., 
apple-gm. 


Res. 


2-3.5 


2.Q-2.2 


Amorph. 


F. uneven, 
conch. 


0. w. Mg) 


Wh., to gryh- 
wh. 


Dull 


2-2.5 


2.0 


Compact; 
earthy 


F. uneven 




Wh., gry., 
cols. 


Vitreous 


5.5-6 


2.45-2.50 


Iso.; us. xls. 


F. uneven, 
conch. 




Wh., gry., 
grnh., yelh., 
bluish, redh. 


Pearly, 
waxy, 
dull 


1-2 


2.0-2.2 


Mass.; earthy 





^ 
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SECTK 







Name. 


CompositiG 


Wh. ZnO Bubl. w. soda on 
ch.; grn. w. Co(NO0i 


Slowly attacked by hot 
HCl w. evolution of H,S 


SPHALERITE 

(Zinc Blende) 
T291 S59 


ZnS 
(Fe, Mn. Cd lao. w. 


Become strongly mag. on 
ign. 


Slowly and dif.sol. in HCl 


IRON ORES 

See Section 13 




Mica- 
ceous 


Folise tough 
and elastic 


Fus. w. dif . 


MICAS 

See Section 23 


- 


or fo- 
liated 


FolisB flexible 
but not elas- 
tic (Cp. talc, 
below) 


Much HiO in c.t. on in- 
tense ign. ; varieties 
rich in Fe become black 
and mag. (i)rochlorite) 


CHLORITE 

(Cllnochlore: Peimln- 

Ite: Prochlorlte) 
T472 S643 


H«(Mg,Fe)»Al,Sij< 
(Often a Uttle Cr) 




Cr in borax bd.; rdh. col. 


Kikmmererite 
(Chrome Chlorite) 
T474 S650 


H8(Mg.Fe).(Al,C] 




Foliffi brittle 
(brittle mi- 
cas) H2O in 
c.t. 


Whitens and fus. w. dif. 
on thin edges 


Margarite 

(Brittle Mica) 
T470 S636 


H,CaAl4SitOi, 




Whitens b.b., but infus. 


Seybertite 

(CUntonlte) 
T471 S638 


H,(Mg.Ca)fcAl»Sii< 


Greasy 
feel ; 
very 


A little H,0 in 
c.t. on intense 
ign. (Cp.kao- 
linite and 
bauxite, b e - 
low) 


Al reac. w. Co(NOi)a on 
ch.; radiated variety 
exfoliates greatly b.b. 


PYROPHYLLITE 

(Agalmatollte) 
T482 S691 


H.Al,(SiO,)« 


soft 


Mg reac. w. Co(NOi)i on 
ch. 


TALC 

(Steatite: Soapetone) 
T479 S678 


H2Mg,(SiO,)4 




Much HiO 
readily given 
in c.t. 


Like butter or cheese; 
brittle when dry; de- 
composed by HfSOi 


Saponite 
T480 S682 


Mg«Al(OH).(SiOi 


P reac. w. am. mol. after 
fus. w. soda; us. pale 
blue-grn. flame 


Monazite us. transp. or 
transl. ; Xenotimo i s 
opaq. 


MONAZITE 

T495 S749 


(Ce.T.a,Nd,Pr)PO 
(Often w. ThSlOO 




Xenotime 

T494 S748 


YPO« 

(Er; somet. Ce and ' 




Al reac. w. Co(NOj)i on 
ch.; wavellite us. radi- 
ated or globular; varis- 
cite sheaf-like and reni- 
form 


Wavellite . 
T512 S842 


(A10H).(PO«)«.91 
(F lao. w. OH) 




Variscite 
T610 S824 


AIPO4.2H1O 






Blue col.; b.b. swells, 
loses col. and crumbles 


Lazulite 

T606 S798 


(Mg.Fe)(A10H),( 



^N 28. 
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1. 


Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 


n) 


Wh.,gm., yel., 
red, brn., 
blk. 


Res. to 
adamant 


3.5-4 


3.9-4.1 


Iso. tetrh.; 
us. mass. 


C. dodec. per. 
F. conch. 






























ht 


Grn. of various 
shades 


Vitr. to 
pearly 


1-2.5 


2.6-2.96 


Mon. 


C. basal, per. 


ItSiaOis 


Rose-red to 
deep red 


Vitr. to 
pearly 


2-2.5 


2.65-3.1 


Mon. 


C. basal, per. 




Pink, gry., 
"wh., yelh. 


Vitreous; 
C. pearly 


3.5-4.5 


2.99-3.08 


Mon. 


C. basal, per.; 
brittle 


>1S 


Redh-brn., Cu- 
red, yelh. 


Pearly to 
submet. 


4-5 


3.0-3.1 


Mon. 


C. basal, per. 
F. uneven 




Wh., apple- 
gm., gry., 
yel., bm. 


Pearly to 
dull 


1-2 


2.8-2.9 


Fol., fibr., 
mass. 


C. basal, per.; 
flexible 




Apple-grn., 
gry., wh. 


Greasy; 
C. pearly 


1-2.5 


2.55-2.80 


Orth.(?); us. 
fol. or mass. 


C. basal, per. 


6.14H,0 


Wh., yelh., 
grnh., bluish, 
redh. 


Greasy 




2.24-2.30 


Amorph.; 
mass. 






Yelh-gm. to 
yelh- and 
redh-brn. 


Res. 


5-5.5 


4.9-5.3 


Mon. 


P. (?) basal 
F. uneven 


to 


Yelh. to redh- 
brn. 


Res. to 
vitr. 


4-5 


4.45-4.56 


Tetr. 


C. prism, per. 
F. uneven 


M 


Wh., yel., grn., 
brn. 


Vitr. to 
pearly 


S-A 


2.32-2.34 


Orth.; 
us. radial 


C. pinao. 
F. uneven 




Cols., apple- 
grn. to 
emerald-gm. 


Vitreous 


4 


2.4 


Orth.; 
us. mass. 




>04)l 


Azure-blue 


Vitreous 


5-0 


3.05-3.12 


Mon. 


C. prism* 
F, uneven 
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SECTION 



Al reac. w. Co(NOi)i od 
ch. 



Ni in borax bd. 



Wins.ph.bd.; yel. WOi 
res. in boiling HCi 



Ti in B.ph. bd. 



little or no HsO in c.t. 



HsO 

in 

c.t. 



SOa fumes and acid 
HsO w. intense 
heat in c.t. 



Insol. sil. skeleton 
in s.ph.bd.; us. 
clay-like, com- 
pact, or mealy 



Wholly sol. in s.ph. 
bd. Gibbsite us. 
incrust. or stalac- 
titicj bauxite pi- 
Bolitio and day- 
Uke 



Blackens and gives HsO 
in c.t. 



Ca reac. w. am. oxalate 
in HCI sol. 



Violet col. (Ti) appears 
before the blue (Cb) 
when HCI sol. of Pyro- 
chlorc is boiled with Sn 



Cb reac. after fus. w. 
borax 



Name. 



CYANITE 

(Dtotbeoe) 
T434 S500 



Turns yel. and gives HsO 
in c.t. 



Slight reac. for Cb 



Alunite 

T537 S974 



KAOLIN I TE 

(Kaolin : 

Porcelain Clay) 
T481 S685 



BAUXITE 

(Aluminum Ore) 
T350 S251 



Qibbsite 

(HydrargUIlte) 
T351 S254 



Qarnierite 

(Oenthlte) 
T479 S676 



Scheelite 

T540 S985 



Perovskite 

(Perofskite) 
T487 S722 



Pyrochlore 

T489 S726 



Yttrotantalite 
T492 S738 



Microlite 
T489 S728 



Comf>ositi 



(AlO)iSiO. 



K[Al(OH)sJ.(S04 
(Na too. w. K) 



HiAliSitOs 



AlsO(OH)« 
(Often Fe. 81, Ca. 1 



Al(OH). 



Ht(Ni.Mg)SiO«. 



CaWO« 
(Vb. atoo Mo: som 



CaTiOi 
(Fe lao. w. Ca) 



RCbsO..R(Ti.T 

(R-Ce. Ca. Na. 1 
present) 



(Ca.Fe)(Y.Er)Cl 
.4HsO 
(Also U8. Ce. U. ai 



CasTasOT 
(Us. atoo Cb. Na. 1 



SECT 



Become mag. on ign. 


Slowly and dif. sol. in HCI 


IRON ORES 

See Section 13 






Cr in s.ph. bd. (Cp. picotite) 


CHROMITE 

(Chromic Iron) 
T341 S228 


FeCriOi 
(Mg iso. w. Fe: 
Al and Fe"' too. w 


(Continued next 
page) 


Cleav. and prism angles 88^ 
and 92°; often has a metal- 
loidal luster 


Hypersthene 

T385 S348 


(Mg.Fe)«SiO. 



i — Continued. 
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I. 


Color. 


Luster. 


1 
Hard- 
ness. 


Specific 
Gravity. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Blue, gm., 
gry., wh. 


Vitr. to 
pearly 


6-7.25 


3.66-3.67 


Tri.; us. 
bladed 


C. pinac. per. 
P. basal 
F. Splint 




Wh., gryh., 
redh. 


Vitreous 


3.5-4 


2.68-2.75 


Hex. rhom. 


C. basal 
F. uneven 




,Wh., yelh., 
redh., brnh. 


Pearly, 
dull 


1-2.5 


2.6-2.63 


Mon.; us. clay- 
like 


C. basal, per. 
F. earthy 


;) 


Wh., gry., yel., 
red 


Dull, 
earthy 


1-3 


2.55 


Mass; 
clay-like 


Oolitic; earthy 




Wh., gryh., 
grnh., redh. 


Vitr., dull 
C. pearly 


2.5-3.5 


2.3-2.4 


Mon. 


C. basal, per.; 
tough 


JtO 


Pale to deep 
gm., yelh. 


Dull to 
res. 


1-4 


2.2-2.8 


Amorph. ; 
botry. 


F. uneven 


Cu) 


Wh., yel., grn., 
bm., redh. 


Vitr. to 
adamant. 


4.5-5 


5.9-6.1 


Tetr. 


C. pyram. 
F. uneven 




Yel. & bm. to 
blk. 


Adamant, 
to sub- 
met. 


5.5 


4.017- 
4.039 


Iso. 


C. cubic 
F. uneven 


F 118. 


Bm. to redh. 
and bmh-blk. 


Vitr. to 
res. 


5-5.5 


4.2-4.36 


Iso.; us. oct. 


C. oct. 
F. conch. 


,Cb)40» 
W) 


Yel. to bm. 
and blk. 


Vitr. to 
submet. 


5-5.5 


5.5-6.9 


Orth.; 
us. prism. 


F. conch. 


; F. H) 


Pale yel. to 
bm. 


Res. 


5.5 


5.48-5.66 
(From Va., 
6.13) 


Iso.; us. oct. 


F. conch. 



>N 29» 

















r) 


Fe-blk. to 
brnh-blk. 


Dull to 
submet. 


6.5 


4.32-4.67 


Iso.; us. mass. 


F. uneven 




Grnh-blk. to 
brn. & bronze 


Pearly to 
bronzy 


5-6 


3.4-3.5 


Orth.; 
us. mass. 


C. pinac. per. 
F. uneven 



^r> 
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SECTION 







Name. 


Compositic 




Cleav. and prism angles 54 '^ 
and 126°; us. slender prisms, 
often fibrous (asbestos) 


Anthophyllite 

( Aabestos In part) 
T398 S384 


(Mg,Fe)SiO. 
(Somet. also AI) 




HtO in c.t. 
on intense 
ign. 


Rosettes; foliated; 
thin scales 


Chloritoid 
T472 S640 


Hi(Fe,Mg)AltSiO 




Oblong shining 
scales and plates 


Ottrelite 
T471 S642 


H,(Fe.Mn)(Al,Fe 


Blackens b.b. but 
does not become 
mag. 


Cleav. and prism angles 88° 
and 92°; often has bronzy, 
metailoidal luster. (Cp. 
turquois, which darkens; also 
the preceding minerals of 
this section, which do not al- 
ways become mag.) 


ENSTSATITE 

(Broiulte) 
T384 S346 


(Mg,Fe)SiO. 


Whitens b.b. and 
fus. slightly on in- 
tense ign. 


B flame w. KHSO4 and CaFa 
(fluorite) on Pt wire; pyro- 
electric. Achroite cols., 
indicohte blue, rubellite red 


TOURMALINE 

(Bcborl; Aebrolte: 
IndlcoUte; 
RubeUlte) 
T447 S551 


Ris(BOH)«(SiO.)< 
(R-Al. Fe. Mg cb 
some Mn. Ca. Na 
(F ISO. w. OH) 




Whitens at red heat; gives a 
little HsO in c.t. on intense 
ign. (Cp. the next 8 miner- 
als, which also give HsO) 


BERYL 

(Emerald, bright gm.; 

T405 S405 


H-Gl,Al4Sii,0,7 
(Nas. Lis. Cbs lao. w 


HjO in c.t. on in- 
tense ign. if not 
before. (Cp. 
beryl, above) 


Cu flame; P reac. w. am. mol. 
after fus. w. soda 


Turquois 

T512 S844 


H(Al(OH),]a»0. 
(CruOH lao. w. AI(0 


Al reac. w. Co(NOj)i on ch. 


Diaspore 

T348 S246 


AIO(OH) 




A little HsO on intense ign. in 
c.t. Staurolite prismatic and 
often twinned. (Cp. poly- 
cra.se, below, which gives a 
Uttle H.O) 


lolite 

(Cordlerlte) 
T407 S419 


H,(Mg,re)4AliBi, 




STAUROLITE 

T450 S558 


(A10)4(A10H)Fei 
(Fe bo. w. Al: Mg 




Fus. w. equal amt. of soda on 
Pt wire to clear glass. Hya- 
lite is cols, and transp. 


OPAL 

(Hyalite) 
T329 S194 


SiOa.nHtO 

1 




May become mag. Chlori- 
toid us. foliated or hex. 
plates and scales; ottrelite 
oblong shining scales and 
plates 


Chloritoid 
T471 S640 


H.(Fe,Mg)Al,Si( 




Ottrelite 
T472 S642 


H,(Fe.Mn)(Al,F 




Turns yel. in c.t.; Cb reac. 
after fus. w. borax 


Yttrotantalite 
T492 S738 


(Ca,Fe)(Y.Er)(l 
4HiO 
(Also U8. Ce. U, an 



> — Continued. 
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• 


Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Crystalliza- 
tion. 


Clea,vage and 
Fracture. 




Gry., clove- 
brn., grn. 


Vitreous; 
C. pearly 


5.5-6 


3.1-3.2 


Orth.; us. fibr. 
or mass. 


C. prism, per. 


» 


Dk. gry., grn., 
grnh-blk. 


Pearly 


6.5 


3.52-3.57 


Tri.(?); 
us. fol. 


C. basal, per.; 
brittle 


3i,0. 


Grnh-gry., 
blk. 


Vitreous 


6-7 


3.26-3.3 


Tri.(?) 


C. basal, per. 




Yelh., gry., 
brn., grn. 


Pearly to 
bronzy 


5.5 


3.1-3.3 


Orth.; 
us. mass. 


C. prism. 
F. uneven 


ly; often 
s:. LI. H) 


Brn., grn., 
blue, red, 
pink, wh., 
cols. 


Vitreous 


7-7.5 


2.98-3.20 


Hex. rhom.; 
hemimorph. 
Fig. 51 


F. conch to 
uneven 


31) 


Grn., blue, 
yel., pink, 
cols. 


Vitr. to 
res. 


7.5-8 


2.63-2.80 
Us. 2.69- 
2.70 

2 . 0- - . 8 


Hex. ; us. xls. 


F. conch to 
uneven 


«) 


Blue, bluish- 
gm., gm. 


Waxy 


6 


Tri. ; us. mass. 


F. uneven to 
conch. 




Wh., gry., yelh., 
grnh., brn. 


Pearly to 
vitreous 


6.5-7 


3.3-3.5 


Orth. 


C. pianc. per. 
F. conch. 


^•7 


Lt. todk. blue; 
rarely cols. 


Vitreous 


7-7.5 


2.60-2.66 


Orth. 


C. pinac. 
F. conch. 


Fe) 


Yelh-bm., 
redh-brn. to 
brnh-blk. 


Res. to 
vitreous 


7-7.5 


3.65-3.77 


Orth. 
Figs. 53-55 


C. pinac. 
F. uneven 




Cols., red, yel., 
grn., blue, 

giy. 


Vitr. to 
res. • 


5.5-6.5 


1.9-2.3 


Amorph. 


F. conch. 




Dk. gry., gm., 
gruh-blk. 


Pearly 


6.5 


3.52-3.57 


Tri.(?); 
us. fol. 


C. basal, per.; 
brittle 


3ii09 


Grnh-gry., 
blk. 


Vitreous 


6-7 


3.26-3.3 


Tri.(?) 


C. basal, per. 


Db)40l5. 


Yel. to brn. 
and blk. 


Vitr. to 
submet. 


5-5.5 


5.5-5.9 

1 


Orth.; 
us. prism. 


F. conch. 



1 
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Name. 


Compoflitia 


Cb reao. after fua. w. 
boras 


Us. Mn reac. in soda hd. 


COLUMBITB 

T490 S731 


(Fe,Mn)Cb,0. 
(Also Ta and oomal 




Disting. by st. and dull ex- 
terior 


Pergusonite 

T490 S729 


Y(Cb,Ta)04 
(Er. Ce. U too. w. T) 




Glows on ign. and becomes 
lighter col. ; decrepitates 
and gives trace of HtO in c.t. 


Polycrase 
T493 S744 


Uncertain : Cb, 1 
Ce, Fe, H, O 


littieornoCb; Mn 
in soda bd. 


Fe in B.ph. bd.; very heavy 
(G. above 6) 


Tantalite 
T490 S731 


(Fe,Mn)TaiO« 
(Cbtoo.w.Ta; sllgl 


Ti in Lph. w. Sn on 
eh. 


Xls. us. prismatic, often veiy 
slender and twinned 


RUTILE 

T345 S237 


TiO, 
(Us. a mtto Fe) 




Xls. us. P3rramids 


OcUhedriU 

(Anatase) 
T346 S240 


TiO, 




Xls. often tabular 


Brookite 

T347 S242 


TiO, 


Sn globule w. soda 
and ch. powder on 
ch. 


Wh. subl. SnOs on intense ign. 
w. soda on ch. 


CASSITERITE 

(Tin Stone) 
T344 S234 


SnO, 


Zr reac. w. HCi and 
turmeric paper 
after fus. w. soda 


Glows w. wh. light on intense 
ign. Hyacinth is transp. red 
or brown 


ZIRCON 

(Hyaetntli) 
T42g S482 


ZrSiO« 

(Us. a UtUe Fe) 


Fus. w. equal amt. 
. of soda on Pt wire 

to clear glass. 

(Cp. opal, p. 128) 


Xls. us. hex. prisms; agate, 
jasper, chert, flint, and chal- 
cecfony are dense, compact 
varieties; amethyst, purple 


QUARTZ 

(Amethytt: Asste: 
Jasper: Chalcedony; 
Chert: Flint) 

T324 S183 


SiO, 




Xls. us. thin hex. plates 


Tridymite 

T328 S192 


SiO, 


Wh. enamel w. soda; 
slowly sol. in bor- 
ax to clear glass 


Dull blue w. Co(NOi)i on ch. 


Phenacite 

T423 S462 


Gl,Si04 


Al reac. w. Co(NOt)s 
on ch. 


F reac. w. NaPOi (powdered 
8.ph. beads) in c.t. 


TOPAZ 

T431— S492 


Al(F,0H),AlSiO4 




Xls. us. stout rectangular 


ANDALUSITE 

(Chlastollte) 
T432 S496 


(A10)AlSi04 


(Continued next 
page) 


Us. fibrous or slender xls. 


SILLIMANITB 

(FibroUte) 
T433 S498 


Al,Si0s 



-Coniinved. 
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Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Crystallisa- 
tion. 


Cleavage and 
Fracture. 


BdW) 


Fe-blk. to gry. 
and bmh-blk. 


Res. to 
submet. 


6 


5.3-6.6 


Orth.; 
us. prism. 


F. uneven 




Brnh-blk. 


Pale bm. 


5.5-6 


4.3-5.8 


Tetr.; 
us. mass. 


F. uneven 


Y,Er. 


Bmh-blk. to 
blk. 


Vitr. to 
res. 


5-6 


4.97-5.04 


Orth.; 
us. prism. 


F. conch. 


DAW) 


Blk. 


Res. to 

submet. 


6 


6.5-7.3 


Orth. 






Redh-bm. to 
blk. & yelh. 


Adamant.,' 
submet. 


fr-6.5 


4.18-4.25 


Tetr. ; us. xls. 


C. prism. 
<F. uneven 




Bm. to dk-blue 
and blk. 


Adamant., 
submet. 


5.5-6 


3.82-3.95 


Tetr.; 
us. P3n*am. 


C. basal and 

pyram. 
F. conch. 




Hftir-bm. to 
blk. 


Adamant., 
submet. 


5.5-6 


3.87-4.08 


Orth.; us. xls. 


F. uneven 




Bm. to blk. ; 
rarely yel., 
red., gry., wh. 


Adamant. 


6-7 


6.8-7.1 


Tetr. Fig. 39 


F. uneven 




Cols., gry., 
gm., brn., 
red 


Adamant. 


7.5 


4.2-4.86 

Us. 4.68- 

4.70 


Tetr. ; us. xls. 


C. prism. 
F. conch. 




Cols., wh., 
yel., red, 
gm., blue, 
brn., blk. 


Vitr. to 
greasy 


7 


2.60-2.66 
Xls. 2.66 


Hex. rhom. 


F. oonch. 




Cols., wh. 


Vitreous 


7 


2.28-2.33 


Hex.; tabular 


F. conch. 




Cols., wh., 
yel., rose, 
brn. 


Vitreous 


7.5-8 


2.97-3.0 


Hex. rhom.; 
us. xls. 


C. prism. 
F. conch. 




Cols., wh., yel., 
pink, bluish, 
grnh. 


Vitreous 


8 


3.4-3.6 


Orth. 


C. basal, per. 
F. imeven 




Flesh-red, 
redh-brn., 
olive-gm. 


Vitreous 


7.5 


3.16-3.20 


Orth.; ^ 
us. prism. 


C. prism. • 
F. uneven 


( 


Hair-brn., 
gry., gryh.. 
gm. 


Vitreous 


6-7 


3.23-3.24 


Orth.; 
us. prism. 


C. pinac. per. 
F. uneven 
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Name 


Compositil 




Us. bladed xls. ; scratched by 
knife parallel to cleav. but 
not at right angles to cleav. 


CYANITB 

(Dlsthene) 
T434 S500 


(A10),SiOi 




Extremely hard. Alexandrite 
is grn. by daylight (and by 
incandescent gas light) ; red 
by lamplight 


Chrysoberyl 

(Alexandrite) 
T342 S229 


G1A1K>« 




Extremely hard. Emery con- 
tains magnetite, hematite, or 
spinel intimately mixed w. 
corundum 


CORUNDUM 

(Sappblrc. blue; Ruby. 

red; Emery, black) 
T333 82 10 


AltO. 


Cr in 8.ph. bd. 


Col. blk.; St. dk. bm.; bd. 
shows Fe reac. while hot and 
Cr on cooling 


CHROMITE 

(Chromic Iron) 
T341 8228 


FeCrtOi 

(Mg ISO. w. Fe: Al 




Dk. yelh-bm. to grnh-bm. 
Xls. us. octahedrons 


Pictotite 
(Chrome Spinel) 
T338 8221 


(Fe.Mg)(Cr,Al),C 




Insol. skeleton of sil. remains 
in bd. 


Uvarovite 

(Ca-Cr Garnet) 
T417 S444 


CasCr2(Si04)i 
(Al ISO. w. Cr) 


Little or no Cr, but 
fine powder whol- 
ly sol. in s.ph. bd. 
(no silica) 


Xls. us. octahedrons, often 
twins; dark varieties react 
for Fe 


SPINEL 

(Spinel Ruby, red) 
T338 S220 


MgAltO* 
(Fe. Mn lao. w. Mg; 
Fe. Cr ISO. w. Al) 


Wh.ZnO subl. w.soda and bor- 
ax on ch.; grn. w. Co(NOi)2 


QahniU 

(Zinc Spinel) 
T339 8223 


ZnAlsOi 
(Mn. Fe ISO. w. Zn; 




Mag. mass when fused w. a 
little soda on ch. 


Hercynite 
(Iron Spinel) 
T339 S223 


FeAlt04 


Distinct d. at 90'' 
or nearly 90** 


Fus. about 5 


FELDSPARS 

See Section 23 




Extremely hard ; not 
affected by acids 
or alkalis: burns 
inO 


Xls. us. octahedrons w. curved 
faces and brilliant adaman- 
tine luster. Bort, rough 
rounded forms,confuBed xln. ; 
carbonado, massive, dark 
gray to black 


DIAMOND 

(Carbonado; 
Carbon; Bort) 

T271 S3 


C 
(Slight aah In Carta 



r\ 



I — CotUinited. 
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1 


Color. 


Luster. 


Hard- 
ness. 


Specific 
Gravity. 


Crystalliza- 
tion. 


Cleavage and 
Fracture. 




Blue, gm., 
gry., wh. 


Vitr. to 
pearly 


&-7.25 


3.5&-3.67 


Tri.; us. 
bladed 


C. pinac. per. 
P. basal 




Yelh-gm., as- 
paragii»-grn. 
to emerald- 
gm. 


Vitreous 


8.5 


3.5-3.84 


Orth.; lis. tab. 


C. dome (Oil) 
F. uneven, 
conch. 




Wh., gry., 
pink., red, 
yel., grn., 
blue, bm.,blk. 


Adamant, 
to vitr. 


9 


3.95-4.1 


Hex. rhom. 


P. basal and 

rhom. 
F. uneven 


.Cr) 


Fe-blk. to 
brnh-blk. 


Dull to 
submet. 


5.5 


4.32-4.57 


Iso. ; us. mass. 


F. uneven 




Yelh. or gmh- 
brn. to brnh- 
blk. 


Pitchy to 
submet. 


7.5-8 


4.08-4.11 


Iso. ; us. mass. 


F. uneven 




Emerald-gm. 


Vitreous 


7.5 


3.41-3.52 


Iso. 


F. conch. 




Red., lavender, 
blue, gm., 
bm., blk. 


Vitreous 


8 


3.5-4.1 


Iso. ; us. oct. 


F. conch. 


>e w. AJ) 


Dk., gm., bm. 
to blk. 


Vitreous 


7.5-8 


4-4.6 


Iso. ; us. oct. 


F. conch., 
uneven 




Blk. 


Vitreous 


7.5-8 


3.9-3.95 


Iso. ; us. mass. 


F. conch. 


w 














ftdo) 


Cols., yel., red, 
blue, gry., 
blk. 


Adamant, 
to greasy 


10 


3.516- 
3.525 


Iso. ; us. oct. 


C. oct. per. 
F. conch. 






M 
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MINERALS ARRANGED ACCORDING TO CRYSTAL- 
LIZATION, LUSTER, AND HARDNESS 

These tables will often assist in the recognition of minerals without resort 
to chemical tests. Page references are given to the preceding tables for full 
descriptions. 



ISOMETRIC : Metallic or Submetallic Luster 



H. 

1.5 

2-2.5 

2.5 

2.5-3 

2.5-3 

2.&-3 

2.&-3 

2.&-3 

3 

3 

3-3.5 

3-4 

3-4 

3-4 

3.5-4 

3.5-4 

3.5-4 

3.5-4 



Lead (p. 72) 
Arsentite (p. 70) 
GALENA (p. 70) 
QOLD (p. 72) 
SILVER (p. 72) 
ELECTRUM (p. 72) 
COPPER (p. 72) 
Hessite (p. 74) 
BORNITE (p. 70) 
Altaite (p. 76) 
Amalgam (p. 72) 
TETRAHEDRITE (p. 68) 
Tennantite (p. 66) 
Freibersite (p. 68) 
SPHALERITE (pp. 70,118,124) 
CUPRITE (pp. 74, 84) 
Pentlandite (p. 70) 
Alabandite (p. 72) 



H. 

4 

4^.6 
4-5 
5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5-6 

5.5-6 

o . o — o. 

5.5-6. 

6-6.5 

&-7 

6-7 

6-7 



Stannite (p. 70) 

Platinum (p. 80) 

Iron (p. 76) 

CHROMITE (pp. 78, 126, 

132) 
Cobaltite (p. 66) 
Linnaeite (p. 70) 
Perovskite (pp. 78, 126) 
Uraninite (p. 80) 
Qersdorfite (p. 66) 
Smaltite (p. 66) 
Chloanthite (p. 66) 
MAGNETITE (pp. 72, 76) 
FRANKLINITE (p. 76) 
PYRITE (p. 70) 
Martite (pp. 72, 76, 86) 
Iridium (p. 80) 
Sperrylite (p. 66) 



ISOMETRIC: Non-metallic Luster 



5 
5 



1-1.6 

1-1.5 

1.5 

2 

2-2 

2-2 

2-3 

2.5 

2.5 

3.5-^ 

3.5^ 

4 

5-5.5 

5-5.5 

5-5.5 

5.5 

5.5 

5.5 

5.5 



CerariEyrite (p. 86) 

Embolite (p. 86) 
Arsenolite (p. 80) 
SYLVITE (p. 92) 
Kalinite (pp. 94, 116, 118) 
Senarmontite (p. 80) 
Bromyrite (p. 86) 
HALITE (p. 92) 
Pharmacosiderite (p. 88) 
SPHALERITE (pp.70, 118,124) 
CUPRITE (pp. 74, 84) 
FLUORITE (p. 96) 
ANALCITE (p. 102) 
Lazurite (p. 100) 
Pyrochlore (p. 126) 
CHROMITE (pp. 78, 126, 132) 
Peroviikite (pp. 78, 126) 
Noselite (p. 100) 
Microlite (p. 126) 



5.5-6 LEUCITE (p. 122) 

5.5-6 Sodalite (p. 100) 

5.5-6 Hauynite (p. 100) 

5.5-6 Danalite (pp. 90. 100, 120) 

6-6.5 Helvite (pp. 90, 100) 

6-7 Martite (pp. 72, 76, 86) 

6.5-7 ANDRADITE (pp. 90, 112) 

6.5-7 QROSSULARITE (p. 112) 

7 Boracite (pp. 98, 108) 
7-7.5 ALMANDITE (pp. 90, 112) 
7-7.5 SPESSARTITE (pp. 110, 112) 
7-7.5 PYROPE (p. 112) 

7-7.5 Uvarovite (pp. 112, 132) 

7.5-8 Qahnite (p. 132) 

7.5-8 Hercynite (p. 132) 

7.5-^ Picotite (p. 132) 

8 SPINEL (p. 132) 
10 DIAMOND (p. 132) 
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MINERALS ARRANGED ACCORDING TO 



TETRAGONAL: Metallic or Submetallic Luster 



H. 



3.5-4 CHALCOPYRITE (p. 70) 
5-5.5 Hausmannite (p. 78) 
5.5-6 Octohedrite (pp. 78, 130) 



H. 

5.5-6 Fergusonite (pp. 80, 130) 
6-6.5 RUTILE (pp. 78, 130) 
6-6.5 Braunite (pp. 74, 78) 



TETRAGONAL: Non-metallic Luster 



1-2 Calomel (p. 82) 
2-2.5 Torbernite (p. 84) 
2.75-3 Wulfenite (p. 82) 
2.75-3 Phosgfenite (p. 82) 
4-5 ^ enotime (p. 124) 
4.5-5 APOPHYLLITE (p. 102) 
4.5-5 Scheelite (pp. 110, 126) 
5 Melilite (p. 102) 



5-6 WERNERITE (pp. 104, 114) 

5.5-6 Octahedrite (pp. 78, 130) 

5.5-6 Fergusonite (pp. 80, 130) 

5.5-6 Meionite (p. 104) 

6-6.5 RUTILE (pp. 78, 130) 

&-7 CASSITERITE (p. 130) 

6.5 VESUVIANITE (p. 114) 

7.5 ZIRCON (p. 130) 



HEXAGONAL: Metallic or Submetallic Luster 



1-1.5 MOLYBDENITE (?) (p. 78) 

1-2 GRAPHITE (p. 78) 

1 . 5-2 Tetradymite (p. 76) 

1.5-2 Coveilite (p. 70) 

2-2.5 Bismuth (p. 72) 

2-2.5 Tellurium (p. 74) 

2 . 5 Pyrargyrite (pp. 68, 84) 

3-3.5 Millerite (p. 70) 



3-3.5 Antimony (p. 68) 

3.5 Arsenic (p. 66) 

3.5-4.5 PYRRHOTITE (p. 70) 

5-5.5 Niccolite (p. 66) 

5-6 ILMENITE (pp. 76, 78) 

5.5-6.5 HEMATITE (pp. 72, 76, 86, 

120) 
6-7 Iridosmine (p. 80) 



HEXAGONAL: Non-metallic Luster 



1 (?) Carnotite (?) (p. 98) 

1 Bismite (p. 86) 
1.5 lodyrite (p. 86) 

1 . 5-2 SODA NITER (p. 94) 

2 Chalcophyllite (p. 84) 
2-2.5 CINNABAR (p. 82) 
2-2.5 Proustite (p. 84) 

2-2 . 5 Coq ui mbite (p. 88) 

2.5 Brucite (pp. 116, 120) 

2 . 5 Pyrargyrite (pp. 68, 84) 

2.5-3.5 Jarosite (p. 88) 

2.75-3 Vanadinite (p. 82) 

3 CALCITE (p. 116) 
3-3 . 5 Qreenockite (p. 118) 
3-3.5 Hanksite (p. 92) 
3.5 Mimetite (p. 82) 

3 . 5 Thaumasite (p. 116) 

3.5-4 PYROMORPHITE (p. 82) 

3.5-4 SIDERITE (pp. 86, 118) 

3.5-4 DOLOMITE (p. 116) 

3.5-4 Ankerite (p. 116) 

3.5-4 Alunite (pp. 116, 126) 

3.5^.5 RHODOCHROSITE (p. 118) 



5 
5 



3.5-4, 

3.5-4 

4-4.5 

4.5 

4.5 

4 . 5-5 

5 



5 

5-5.5 

5-6 

5.5 

5.5 

5.5-6 

5.5-6.5 

6.25-6.5 

7 
7 
7-7.5 

7.5-8 
7 . 5-8 
9 



MAaNESITE(pp. 116, 118) 
Breunnerite (pp. 116, 118) 
ZINCITE (p. 120) 
CHABAZITE (p. 104) 
Q melinite (p. 104) 
APATITE (pp. 96, 120) 
SMITHSONITE (pp. 118, 

(98, 120)) 
Dioptase (p. 120) 
Eudialite (p. 100) 
Cancrinite (p. 98) 
WILLEMITE (p. 120) 
TROOSTITE (p. 100) 
NEPHELITE (p. 102) 
HEMATITE (pp. 72, 76, 86, 

120) 
Benitolte (p. 110) 
QUARTZ (p. 130) 
Tridymite (p. 130) [128) 
TOURMALINE (pp. 108. 
BERYL (pp. 114, 128) 
Phenacite (p. 130) 
CORUNDUM (p. 132) 
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ORTHORHOMBIC: MetalHc or SubmetaUic Luster 



H. 

1-1.5 

1-1.5 

2 

2 

2-2.5 

2-3 

2.5 

2.5-3 

2.5-3 

2.5-3 

2.5-3 

3 

3-3.5 

3.5-4 



Nagyagite (p. 76) 
Sternbergite (p. 70) 
STIBNITE (p. 68) 
Bismuthinite (p. 72) 
Stfphanite (p. 68) 
Jamesonite (p. 68) 
Krennerite (p. 74) 
CHALCOCITE (p. 70) 
Stromeyerite (p. 70) 
Bournonite (p. 68) 
Boulangerite (p. 68) 
Enargite (p. 66) 
Zinkenite (p. 68) 
DyscrasJte (p, 68) 



H. 

4 MANQANITE (p. 78) 

5 QIaucodot (p. 66) 

5-5.5 QOETHITE(pp.74,76,86,120) 
5-5.5 LoUingite (p. 66) 
5-5.5 Yttr tantaHte (pp. 80,126, 128) 
5-6 Samarskite (pp. 74, 110) 
5.5-6 ARSENOPYRITIS (p. 66) 
5.5-6 Brookite (pp. 78, 130) 
5.5-6 llvaite (pp. 74, 90) 

6 COLUMBITE (pp. 74, 80, 110, 

130) 
6 Pseudobrookite (p. 76) 

6 Tantalite (pp. 80, 130) 

6-6.5 MARCASITE (p. 70) 



ORTHORHOMBIC: Non-metalHc Luster 



1 

1-2 

1-2.5 

1.5-2 

2 

2-2 

2-2 

2-2 

2-3 

2.5-3 
5-3 
5-3. J 
75-3 



.5 

.5 

5 



.5 
.5 
.5 



2 

2 

2 

3 

3 

3 

3-3 

3-3 

3-3 

3-3.5 

3-3 . 75 

3-4 

3.5 

3.5 

3.5-4 

3.5HI 

3.5-4 

3.5-4 

3.5-4 

3.5-4 

4 

4 

4-4.5 



Carnallite (p. 92) 
Molybdite (p. 98) 
TALC (?) (pp. 106, 114, 124) 
SULPHUR (p. 80) 
NITER (p. 94) 
Epsomite (p. 94) 
Autunite (p. 96) 
Goslarite (p. 118) 
Thenardite (p. 94) 
Valentinite (p. 80) 
Caledonite (p. 82) 
BARITE (p. 96) 
ANQLESITE (p. 82) 
Astrophyllite (p. 88) 
Olivenite (p. 84) 
Sussexite (?) (p. 98) 
CERUSITE (p. 82) 
CELESTITE (p. 96) 
ANHYDRITE (p. 94) 
Atacamite (p. 84) 
WITHERITE (p. 94) 
WavclHte (p. 124) 
Adamite (p. 98) 
Descloizite (p. 82) 
ARAQONITE (p. 116) 
STRONTIANITE (p. 116) 
Brochantite (p. 84) 
Scored ite (p. 88) 
Euchroite (p. 84) 
Dufrenite (p. 88) 
Libethenite (p. 84) 
Variscite (p. 124) 
Purpurite (?) (p. 96) 



4 . 5-5 CALAMINE (pp. 98,120,(118)) 

4.5-5 Triphylite (p. 88) 

4.5-5 Lithiophylite (p. 96) 

4.5-5 Childrenite (p. 88) 

5-5.5 NATROLITE (p. 98) [120) 

5-5 . 5 QOETHITE (pp. 74, 76, 86. 

5-5.5 Thomsonite (p. 100) [128) 

5-5.5 Yttrotantalite (pp. 80, 126, 

5-6 Hypersthene (pp. 90, 126) 

5-6 Samarskite (pp. 74, 110) 

5-6 Polycrase (p. 130) 

5.5 ENSTATITE (pp. 112, 128) 

5.5-6 Anthophyllite (pp. 90, 112, 

128) 

5.5-6 Brookite (pp. 78, 130) 

5.5-6 Tephroite (p. 100) 

5.5-6 llvaite (pp. 74, 90) [130) 

6 COLUMBITE (pp. 74, 80, 110. 

6 Tantalite (pp. 80, 130) 

6-6.5 PREHNITE (pp. 102, 114) 

6-6.5 ZOISITE (p. 114) 

6-6.5 Humite (p. 122) 

&-7 SILLIMANITE (p. 130) 

6.5 Fayalite (p. 90) 

6.5-7 CHRYSOLITE (p. 122) 

6.5-7 Diaspore (p. 128) 

7-7.25 Danburite (p. 108) 

7-7.5 lolite (pp. 114, 128) 

7-7.5 Staurolite (p. 128) 

7.5 ANDALUSITE (p. 130) 

8 TOPAZ (p. 130) 

8.25 Lawsonite (p. 114) 

8.5 Chrysoberyl (p. 130) 
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MINERALS ARRANGED ACCORDING TO 



H. 



MONOCLINIC: MetaUic or SubmetaUic Luster 

H. 



1.6-2 Sylvanite (p. 74) 
2-2.5 iVeieslebenite (p. 68) 
2-3 Polybasite (p. 68) 
3 Pearceite (p. 66) 



3-4 Tenorite (p. 74) 
4-4.5 Ferberite (pp. 74, 90) 
5-5.5 WOLFRAMITE (pp. 74, 90,1 10) 
5.5-6 Allanite (pp. 74, 90, 102) 



MONOCLINIC: Non-metallic Luster 



1-1.5 


Vermiculite (?) (p. 102) 


3.5-4 


1-1.5 


Natron (p. 92) 


3.5-4.5 


1-1.5 


Kermesite (p. 80) 


4 


1-2 


Aluminite (p. 118) 


4-4.5 


1-2.5 


CHLORITE (pp. 106, 124) 


4^.5 


1-2.5 


KAOLIN ITE (p. 126) 


4-4.5 


1.5-2 


QYPSUM (p. 94) 


4-5 


1.5-2 


ORPIMENT (p. 80) 


4.5 


1.5-2 


REALGAR (p. 80) 


4.5-5 


1.5-2 


Vivianite (p. 88) 


4.5-5 


1.5-2 


Mir^bilite (p. 94) 


5 


1.5-2 


Alunogen (p. 118) 


5 


1.5-2.5 Erythrit© (p. 88) 


5 


1.5-2.5 Annabergite (p. 88) 


5-5.5 


2 


Melanterite (p. 88) 


5-5.5 


2 


Aurichalcite (p. 118) 


5-5.5 


2 


Thomsenolite (p. 96) 


5-5.5 


2-2.5 


MUSCOVITE (p. 106) 




2-2.5 


BORAX (pp. 94, 96) 


5-5.5 


2-2.5 


Karamererite (pp. 106, 124) 


5-5.5 


2-2.5 


Pharmacolite (p. 98) 


6-5.5 


2-2.5 


Liroconite (p. 84) 


5-6 


2-3 


Qay-Lussite (p. 94) 


5-6 


2.5 


CRYOLITE (p. 96) 


5-6 


2.5 


Cookeite (p. 106) 


5-6 


2.5 


Linarite (p. 82) 


5-6 


2.5 


LeadhiUite (p. 82) 


5-6 


2.5 


Copiapite (p. 88) 


5-6 


2.5-3 


PHLOQOPITE (p. 106) 


5-6 


2.5-3 


BIOTITE (pp. 88, 90, 106) 


5-6 


2.5-3 


Trona (p. 92) 


5-6 


2.5-3 


Clinoclasite (p. 84) 


5-6 


2.5-3 


Crocoite (p. 82) 


5.5-6 


2.5-3 


Polyhalite (p. 94) 


5.5-6 


2.5-3 


Qlauberite (p. 94) 


6 


2.5-3 


Kainite (p. 92) 


6 


2.5-3 


Paragonite (p. 106) 


6 


2.5-3 


Zinnwaldite (pp. 90, 106) 


&-6.5 


2.5-3.5 Qibbsite (p. 126) 


6-6.5 


2.5-4 


LEPIDOLITE (p. 106) [106) 


6-6.5 


3 


LEPIDOMELANE (pp. 88, 


6-6.5 


3 


PachnoUte (p. 96) [118) 


6-6.5 


3.5 


Hydromagnesite (pp. 116, 


6-7 


3.5-4 


MALACHITE (p. 84) 


6.5 


3.6-4 


AZURITE (p. 84) 


6.5-7 


3.6-1 


STILBITE (p. 104) 


6.5-7 


8.6^ 


HEULANDITB (p. 104) 


6.5-7 



Laumontite (p. 100) 
Marsarite (pp. 106, 124) 
Barytocalcite (p. 116) 
Ferberite (pp. 74, 90) 
Colemanite (p. 98) 
PhUlipsite (p. 104) 
Seybertite (p. 124) 
Harmotome (pp. 104, 114) 
WOLLASTONITE (p. 104) 
Triplite (p. 88) 
Pectolite (pp. 100, 102) 
Mesolite (p. 100) 
Herderite (pp. 96, 114) 
MONAZITE (p. 124) i 
DATOLITE (p. 98) 
TITANITE (pp 104, 110) 
WOLFRAMITE (pp. 74, 90, 

110) 
Hubnerite (p. 110) 
Scolecite (p. 100) 
Wagnerite (p. 96) 
PYROXENE (pp. 112, 114) 
AUQITE (p. 114) 
DIOPSIDE (p. 112) 
AMPHIBOLE (p. 112) 
HORNBLENDE (p. 112) 
TREMOLITE (p. 112) 
ACTINOLITE (p. 112) 
Jeffersonite (p. 110) 
Lazulite (p. 124) 
Hedenbergite (p. 112) 
Schefferite (p. 110) 
Richterite (p. 110) 
Allanite (pp. 74, 90, 102) 
ORTHOCLASE (p. 108) 
Arfvedsonite (p. 92) 
Riebeckite (p. 92) 
Acmite (pp. 92, 114) 
Petalite (p. 108) 
Chondrodite (p. 122) 
Clinohumite (p. 122) 
Glaucophane (p. 112) 
EPIDOTE (pp. 90. 114) 
Piedmontite (p. 110) 
SPODUMENE (p. 108) 
Jadeite (p. 114) 
Qadollnlte (pp. 102, 122) 
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TRICLINIC: Non-metallic Luster 



H. 

1 Sassolite (p. 98) 

2.5 Chalcanthite (p. 84) . 

5-6 ANDESINE (p. 108) [108) 

5-6 LABRADORITB (pp. 104, 

5-7.26 CYANITE (pp. 126, 132) 

5.5-6.5 RHODONITE (p. 110) 

5.5-6.5 Fowlerite (p. 110) 

6 Turquois (p. 128) 

6 Amblygonite (p. 108) 



H. 

6-6-^ MICROCLINE (p. 108) 
b-6.5 ALBITB (p. 108) 
6-6.5 OLIQOCLASB (p. 108) 
6-6.5 ANORTHITE (pp. 102, 108) 
6-7 Ottrelite (?) (p. 128) 
6.5 Chloritoid (?) (p. 128) 
6.5-7 Axinite (p. 108) 
7.25 CYANITE (pp. 126. 132) 



AMORPHOUS OR CRYSTALLIZATION UNKNOWN 
Metallib or Submetallic Luster 



Mercury (p. 72) 

1-6 WAD (pp. 78, 120) 
2-2.5 PYROLUSITE (p. 78) 
2.5 Calaverite (p. 76) 
2.5-3 Petzite (p. 74) 
3-3.5 Domeykite (p. 66) 



3.5 Whitneyite (p. 66) 

4 Algodonite (p. 66) 

5-5.5 LIMONITE(pp. 74, 76, 86, 120) 

5-6 PSiLOMELANE (p. 78) i 

&-6 TURQITB (pp. 74, 76, 86, 120) 



AMORPHOUS OR CRYSTALLIZATION UNKNOWN 

Non-metallic Luster 



1 Ulexite (p. 96) 


2-4 


1 Saponite (p. 124) 


2.5-4.5 


1 (?) Nitrocalcite (p. 94) 


2.5-5 


1-2 PYROPHYLLITE (p. 124) 


3 


1-2 HaUoysite (p. 122) 


3-3.25 


1-2 Hydrocuprite (p. 8) 


3.5 


1-2.6 AsboUte(p. 120) 


4 


1-3 BAUXITE (p. 126) 


4-4.5 


1-4 Qarnierite (pp. 122, 126) 


4-5.5 


1-6 WAD (pp. 78, 120) 


5-5.5 


2 Massicot (p. 82) 




2-2.6 SepioUte (pp. 102, 122)' 


5-6 


2-2.5 Hydrozincite (p. 118) 




2-3.5 Deweylite (pp. 102, 122) 


5.5-6.5 



Chrysocolla (p. 122) 
Chloropal (p. 122) 
SERPENTINE (pp. 102, 122) 
Allophane (p. 122) 
Zaratite (p. 118) 
Howlite (p. 108) 
Crocidolite (p. 92) 
Bismutite (p. 86) 
SERPENTINE (pp. 102, 122) 
LIMONITE (pp. 74, 76, 86, 

[120) 
TURQITE (pp. 74, 76, 86, 

[120) 
OPAL (p. 128) • 
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Abbreviations, 58, 60 
Acids, 4, 5 

use of, 23 
Agate mortar, 3 
Aluminum, tests for, 26 
Ammonia, 5 
Ammonium carbonate, 5 

hydroxide, 5 

molybdate, 5 

oxalate, 5 
Amorphous minerals, 139 
Antimony, tests for, 26 
Anvil, 2 
Apparatus, 1 
Aqua fortis, 5 
Aqua regia, 5 . 
Arsenic, tests for, 27 
Atomic weights, 58 

Barium, tests for, 28 

chloride, 5 
Bases in silicates, 41 
Bismuth, tests for, 28 
Bismuth flux, 4 
Blast, 6 
Blowpipe, 1 
Blowpipe operations, 6 
Blue glass, 2 
Borax, 4 

Borax bead, 19', 20 
Boric acid flux, 4 
Boron, tests for, 29 
Bromine, tests for, 29 



Cadmium, tests for, 29 
Calcium, tests for, 29 
Carbon, tests for, 30 
Caustic potash, 5 
Charcoal, 1 

subUmates on, 13 

use of, 12 
Charcoal brush, 3 
Chemical elements, 58 
Chemical tests, 6, 26 
Chlorine, tests for, 31 
Chromium, tests for, 31 
Closed tubes, 2 

sublimates in, 16 

use of, 14 
Cobalt, tests for, 32 

nitrate, 5 

use of, 24 
Columbium, tests for, 32 
Copper, tests for, 32 
Crystallization, 47 

table of, 135 

Decrepitation, 8 
Descriptive terms, 53 
Determinative tables, 64 
Diamond mortar, 3 

Elements, table of, 58 
tests for, 26 



Filter-paper, 3 
Flames, 6 
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Flame colors, 10 
Fluorine, tests for, 33 
Forceps, 1 
Funnel, 3 
FusibiUty, 9 
Fusion, 7 

Galena, as reagent, 4 
General table, 64 
Glass funnel, 3 
Glossary, 53 
Gold, tests for, 33 
Green glass, 2 
Gypsum, as reagent, 4 
Gypsum tablets, 3 

sublimates on, 15 

use of, 14 

Hammer, 2 
Hardness, scale of, 54 

table of, 135 
Hexagonal S3rstem, 49, 50, 136 
Hydrochloric acid, 4 
Hydrogen, tests for, 33 

Ignition, 7 

Iodide sublimates, 15 

Iodine, tests for, 34 

Iridium, tests for, 34, 39 

Iridosmine, tests for, 39 

Iron, tests for, 34 

Isometric system, 47, 48, 135 

Lamp, 1 

Lead, tests for^ 35 
Lithium, tests for, 35 
Litmus paper, 4 

Magnesium, tests for, 36 
Magnet, 2 

Manganese, tests for, 36 
Mercury, tests for, 37 
Microcosmic salt, 4 

bead of, 21, 22 
Mineral tables, 64, 135 

precautions concerning, 63 



Molybdenum, tests for, 37 
Monoclinic system, 51, 52, 138 
Mortars, 3 
Muriatic acid, 4 

Nickel, tests for, 37 
Niobium, see Golumbium. 
Nitric acid, 5 
Nitrogen, tests for, 38 

Oil of vitriol, 5 
Open tubes, 2 

sublimates in, 18 

use of, 17 
Orthorhombic system, 51, 137 
Osmium, tests for, 38, 39 
Oxygen, tests for, 38 

Palladium, tests for, 38, 39 
Phosphorus, tests for, 38 
Phosphorus salt, 4 

bead of, 21, 22 
Platinum, tests for, 39 

wire, 2 
Porcelain crucible, 3 
Potash, caustic, 5 
Potassium, tests for, 39 

bisulphate, 4 

ferricyanide, 5 

ferrocyanide, 5 

hydroxide, 5 
Precf utions concerning tables, 63 
Precipitates, 25 

Quicksilver, tests for, 37 

Reactions for elements, 26 
Reagents, 4 
Roasting, 14 

Salt of phosphorus, 4 

bead of, 21, 22 
Scale of fusibihty, 9 
Selenium, tests for, 40 
Silicon, tests for, 40 
Silver, tests for, 41 
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Silver nitrate, 5 
Soda, 4 

bead of, 23 
Sodium, tests for, 42 
Sodium ammonium phosphate, 4 

bead of, 21, 22 
Sodium carbonate, 4 

bead of, 23 
Sodium phosphate, 5 
Sodium tetraborate, 4 

bead of, 19, 20 
Solution in acids, 23 
Streak plate, 2 
Strontium, tests for, 42 
Sublimates in closed tube, 16 

in open tube, 18 

on charcoal, 13, 15 

on gypsum, 15 
Sulphates, tests for, 43 
Sulphides, tests for, 43 
Sulphur, tests for, 43 
Sulphuric acid, 5 
Symbols of elements, 58 

Table of borax bead reactions, 20 
flame colors, 10 
salt of phosphorus bead reactions, 

22 
sublimates in closed tube, 16 



Table of sublimates in open tube, 18 
on charcoal, 13, 15 
on gypsum, 15 
Technical terms, 53 
Tellurium, tests for, 44 
Test papers, 4 
Test tubes, 2 
Test-tube holder, 2 

support, 3 
Tests for bases in silicates, 41 
Tests for elements, 26 
Tetragonal system, 49, 136 
Tin, tests for, 44 

as reagent, 4 
Titanium, tests for, 44 
TricUnic system, 52, 139 
Tungsten, tests for, 45 
Turmeric paper, 4 

Uranium, tests for, 45 

Vanadium, tests for, 45 

Watch glasses, 3 
Water, 4 

Zinc, tests for, 45 

as reagent, 4 
Zirconium, tests for, 46 
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Achroite, 108, 128 
Acmite, 92, 114 
Actinolite, 112 
Adamite, 08 
Aegirite, 92, 114 
Agalmatolite, 124 
Agate, 130 
Alabandite, 72 
Alabaster, 94 
Albite, 108 
Alexandrite, 132 
Algodonite, 66 
AUanite, 74, 90, 102 
Allophane, 122 
Almandite, 90, 112 
Altaite, 76 
Aluminite, 118 
Aluminum ore, 126 
Alunite, 116, 126 
Alunogen, 118 
Amalgam, 72 
Amblygonite, 108 
Amethyst, 130 
Amphibole Group, 112 
Analcite, 102 
Anatase, 130 
Andalusite, 130 
Andesine, 108 ' 
Andradite, 90, 112 
Anglesite, 82 
Anhydrite, 94 
Ankerite, 116 
Annabergite, 88 



Anorthite, 102, 108 
AnthophylKte, 90, 112, 128 
Antimony, 68 
Antimony Glance, 68 
Apatite, 96, 120 
Apophyllite, 102 
Aquamarine, 114, 128 
Aragonite, 116 
Arfvedsonite, 92 
Argentite, 70 
Arsenic, 66 
ArsenoUte, 80 
Arsenopyrite, 66 
Asbestos, 90, 112, 128 
Asbolite, 120 
Astrophyllite, 88 
Atacamite, 84 
Augite, 114 
Aurichalcite, 118 
Autunite, 96 
Axinite, 108 
Azurite, 84 

Barite, 96 
Barytocalcite, 116 
Bauxite, 126 
Beiiitoite, 110 
Beryl, 114, 128 
Biotite, 88, 90, 106 
Bismite, 86 
Bismuth, 72 
Bismuth Glance, 72 
Bismuthinite, 72 
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Bismutite, 86 

Black Jack, 70 

Black Lead, 78 

Black Mica, 88, 90, 106 

Blende, 70, 118, 124 

Bog Iron Ore, 74, 76, 86, 120 

Bog Manganese, 78, 120 

Boracite, 98, 108 

Borax, 94, 96 

Boric Acid, 98 

Bort, 132 

Bornite, 70 

Boronairocalcite, 96 

Boulangerite, 68 

Boumonite, 68 

Braunite, 74, 78 

Breunnerite, 116, 118 

Brittle Mica, 106, 124 

Brittle Silver, 68 

Brochantite, 84 

Bromyrite, 86 

Bronzite, 112 

Brookite, 78, 130 

Brown Hematite, 74, 76, 86, 120 

Brown Spar, 116, 118 

Brucite, 116, 120 

Ca-Al, Garnet, 112 
Ca-Cr Garnet, 112, 132 
Ca-Fe Garnet, 90, 112 
Calamine, 98, (118), 120 
Calaverite, 76 
Calcite, 116 
Calc Spar, 116 
Caledonite, 82 
Calomel, 82 
Cancrinite, 98 
Carbon, 132 
Carbonado, 132 
Carnallite, 92 
Camotite, 98 
Cassiterite, 130 
Celestite, 96 
Cerargyrite, 86 
Cerusite, 82 
Chabazite, 104 



Chalcanthite, 84 
Chalcedony, 130 
Chalcocite, 70 
Chalcophyllite, 84 
Chalcopyrite, 70 
Chalk, 116 
Chert, 130 
Chiaatolit«, 130 
Childrenite, 88 
Chloanthite, 66 
Chlorite, 106, 124 
Chloritoid, 128 
Chloropal, 122 
Chondrodite, 122 
Chrome Chlorite, 106, 124 
Chrome Garnet, 112, 132 
Chrome Spinel, 132 
Chronuc Iron, 78, 126, 132 
Chromite, 78, 126, 132 
Chrysoberyl, 132 
Chiysocolla, 122 
ChrysoHte, 122 
Chrysotile, 102, 122 
Cinnabar, 82 
CHnochlore, 106, 124 - 
Clinoclasite, 84 
Clinohumite, 122 
Clintonite, 124 
Cobalt Bloom, 88 
Cobaltite, 66 
Colemanite, 98 
Columbite, 74, 80, 110, 130 
Cookeite, 106 
Copiapite, 88 
Copper, 72 
Copper Glance, 70 
Copper Nickel, 66 
Copper Pyrites, 70 
Copperas, 88 
Coquimbite, 88 
Cordierite, 114, 128 
Conmdum, 132 
Covellite, 70 
Crocidolite, 92 
Crocoite, 82 
Cryolite, 96 
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Cuprite, 74, 84 
Cuprodescloizite, 82 
Cyanite, 126, 132 

Damourite, 106 
Danalite, 90, 100, 120 
Danburite, 108 
Dark Red Silver, 68, 84 
Datolite, 98 
Descloizite, 82 
Desmine, 104 
Deweylite, 102, 122 
Diallage, 112 
Dialogite, 118 
Diamond, 132 
Diaspore, 128 
Diopside, 112 
Dioptase, 120 
Disthene, 126, 132 
Dolomite, 116 
Domeykite, 66 
Dry Bone, 118 
Dufrenite, 88 
Dyscrasite, 68 

Earthy Cobalt, 120 
Elaeolite, 102 
Electrum, 72 
Embolite, 86 
Emerald, 114, 128 
Emery, 132 
Enargite, 66 
Enstatite, 112, 128 
Epidote, 90, 114 
Epsomite, 94 
Epsom Salt, 94 
Erythrite, 88 
Euchroite, 84 
Eucolite, 100 
Eudialite, 100 

Fayalite, 90 
Feather Ore, 68 
Feldspar Group, 108 
Ferberite, 74, 90 
Fergusonite, 80, 130 



FibroHte, 130 
FUnt, 130 
Fluorite, 96 
Fluor Spar, 96 
Fool's Gold, 70 
Fowlerite, 110 
Franklinite, 76 
Freibergite, 68 
Freieslebenite, 68 

Gadolinite, 102, 122 
Gahnite, 132 
Galena, 70 
Galenite, 70 
Garnet Group, 112 
Garnierite, 122, 126 
Gay-Lussite, 94 
Genthite, 122, 126 
Gersdorfite, 66 
Gibbsite, 126 
Glauberite, 94 
Glauber Salt, 94 
Glaucodot, 66 
Glaucophane, 112 
Gmelinite, 104 
Goethite, 74, 76, 86, 120 
Gold, 72 
Goslarite, 118 
Gothite, 74, 76, 80, 120 
Graphite, 78 
Gray Copper, 68 
Greenockite, 118 
Grossularite, 112 
Gymnite, 102, 122 
Gypsum, 94 

Hair Pyrites, 70 
Halite, 92 
Halloysite, 122 
Hanksite, 92 
Harmotome, 104, 114 
Hausmannite, 78 
Haujoie, 100 
Hauynite, 100 
Heavy Spar, 96 
Hedenbergite, 112 



148 



INDEX TO MINERALS 



Helvite, 90, 100 

Hematite, 72, 76, 86, 120 

Hemimorphite, 98, 120 

Hercynite, 132 

Herderite, 96, 114 

Hessite, 74 

Heulandite, 104 

Hiddenite, 108 

Hornblende, 112 

Horn Silver, 86 

Howlite, 108 

Htibnerite, 110 

Humite, 122 

Hyacinth, 130 

Hyalite, 128 

Hydrargillite, 126 

Hydrocuprite, 8 

Hydrohematite, 74, 76, 86, 120 

Hydromica, 106 

Hydromagnesite, 116, 118 

Hydrozincite, 118 

Hypersthene, 90, 126 

Idocrase, 114 
Ilmenite, 76, 78 
Ilvaite, 74, 90 
Indicolite, 108, 128 
lodyrite, 86 
lolite, 114, 128 
Iridium, 80 
Iridosmine, 80 
Iron, Y6 

Iron-Al Garnet, 90, 112 
Iron Dolomite, 116 
Iron Magnesite, 116, 118 
Iron Pyrites, 70 
Iron Spinel, 132 

Jade, 112, 114 
Jadeite, 114 
Jamesonite, 68 
Jarosite, 88 
Jasper, 130 
Jefiferisite, 102 
Jefifersonite, 110 



Kainite, 92 
Kalinite, 94, 116, 118 
Kanmiererite, 106, 124 
Kaolin, 126 
Kaolinite, 126 
Kermesite, 80 
Krennerite, 74 
Kunzite, 108 

Labradorite, 104, 108 
Lapis I^azuli, 100 
Laumontite, 100 
Lawsonite, 114 
Lazulite, 124 
Lazurite, 100 
Lead, 72 
Leadhillite, 82 
Lepidolite, 106 
Lepidomelane, 88, 106 
Leucite, 122 
I^eucopyrite, 66 
Libethenite, 84 
Lievrite, 74, 90 
lime-Al Garnet, 112 
Lime Feldspar, 102, 108 
Lime^iron Garnet, 90, 112 
LimeHsoda, Feldspar, 104, 108 
Limestone, 116 
Limonite, 74, 76, 86, 120 
Linarite, 82 
Linnaeite, 70 
Liroconite, 84 
lithia Mica, 106 
Lithiophylite, 96 
Lodestone, 72, 76 
Lollingite, 66 

Magnesia-Al Garnet, 112 
Magnesia Mica, 106 
Magnesite, 116, 118 
Magnetic Iron Ore, 72, 76 
Magnetic P3rrites, 70 
Magnetite, 72, 76 
Malachite, 84 

Manganese Amphibole, 110 
Manganese Epidote, 110 
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Manganese Garnet, 110, 112 
Manganese Pyroxene, 110 
Manganese-Zn Pyroxene, 110 
Manganite, 78 
Marble, 116 
Marcasite, 70 
Margarite, 106, 124 
Marmolite, 102, 122 
Martite, 72, 76, 86 
Massicot, 82 
Meerschaum, 102, 122 
Meionite, 104 
Melaconite, 74 
Melanterite, 88 
Meimte, 102 
Menaccanite, 76, 78 
Mercury, 72 
Mesolite, 100 
Meteoric Iron, 76 
Mica Group, 106 
Microcline, 108 
Microlite, 126 
MiUerite, 70 
Mimetite, 82 
Mirabilite, 94 
Mispickel, 66 
Molybdenite, 78 
Molybdite, 98 
Monazite, 124 
Mundic, 70 
Muscovite, 106 

Nagyagite, 76 
Natrocalcite, 94 
Natrolite, 98 
Natron, 92 
Nepheline, 102 
Nephelite, 102 
Nephrite, 112 
Niccolite, 66 
Nickel Bloom, 88 
Niter, 94 
Nosean, 100 
Noselite, 100 

Octahedrite, 78, 130 



Oligoclase, 108 
Olivenite, 84 
Olivine, 122 
Opal, 128 
(>piment, 80 
Orthite, 74, 90 
Orthoclase, 108 
Osmiridium, 80 
Ottrelite, 128 

Pachnolite, 96 
Paragonite, 106 
Paramelaconite, 74 
Peacock Ore, 70 
Pearceite, 66 
Pearl Spar, 116 
Pectolite, 100, 102 
Penninite, 106, 124 
Pentlandite, 70 
Peridot, 122 
Perofskite, 78, 126 
Perovskite, 78, 126 
Petalite, 108 
Petzite, 74 
Pharmacolite, 98 
Pharmacosiderite, 88 
Phenacite, 130 
Phillipsite, 104 
Phlogopite, 106 
Phosgenite, 82 
Picotite, 132 
Piedmontite, 110 
Pistacite, 90, 114 
Pitchblende, 80 
Plagioclase Feldspars, 108 
Platinum, 80 
Plumbago, 78 
Polybasite, 68 
Polycrase, 130 
Polyhalite, 94 
Porcelain Clay, 126 
Potash Alum, 94, 116, 118 
Potash Feldspar, 108 
Potash Mica, 106 
Prehnite, 102, 114 
Prochlorite, 106, 124 
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Proustite, 84 
Pseudobrookite, 76 
Psilomelane, 78 
Purpurite, 96 
Pyrargyrite, 68, 84 
Pyrite, 70 
Pyrochlore, 126 
Pyrolusite, 78 
Pyromorphite, 82 
Pyrope, 112 
Pyrophyllite, 124 
Pyroxene, 112, 114 
Pyroxene Group, 112 
Pyrrhotite, 70 

Quartz, 130 
Quicksilver, 72 

Realgar, 80 
Red Zinc Ore, 120 
Rhodochrosite, 118 
Rhodonite, 110 
Richterite, 110 
Riebeckite, 92 
Rock Salt, 92 
Rubellite, 108, 128 
Ruby, 132 
Ruby Silver, 68, 84 
Ruby Spinel, 132 
Rutile, 78, 130 

Sal Soda, 92 
Salt, 92 
Saltpeter, 94 
Samarskite, 74, 110 
Saponite, 124 
Sapphire, 132 
Sassolite, 98 
Scapolite, 104, 114 
Scheelite, 110, 126 
Schefferite, 110 
Schorl, 108, 128 
Scolecite, 100 
Scorodite, 88 
Selenite, 94 
Senarmontite, 80 



Sepiolite, 102, 122 
Sericite, 106 
Serpentine, 102, 122 
Seybertite, 124 
Siderite, 86, 118 
Sillimanite, 130 
Silver, 72 
Silver Glance, 70 
Silver Tetrahedrite, 68 
Smaltite, 66 

Smithsonite, (98), 118, (120) 
Soapstone, 106, 114, 124 
Sodalite, 100 
Soda Feldspar, 108 
Soda-lime Feldspar, 108 
Soda Mica, 106 
Soda Niter, 94 
Spathic Iron, 86, 118 
Specular Iron, 72, 76 
Sperrylite, 66 
Spessartite, 110, 112 
-^Sphalerite, 70, 118, 124 
Sphene, 104, 110 
Spinel, 132 
Spinel Ruby, 132 
Spodumene, 108 
Stannite, 70 
Staurolite, 128 
Steatite, 106, 114, 124 
Stephanite, 68 
Sternbergite, 70 
Stibnite, 68 
Stilbite, 104 
Stromeyerite, 70 
Strontianite, 116 
Sulphur, 80 
Sussexite, 98 
Sylvanite, 74 
Sylvite, 92 

Talc, 106, 114, 124 
Tantalite, 80, 130 
Tellurium, 74 
Tennantite, 66 
Tenorite, 74 
Tephroite, 100 
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Tetradymite, 76 
Tetrahedrite, 68 
Thaumasite, 116 
Thenardite, 94 
Thomsenolite, 96 
Thomsonite, 100 
Tin Pyrites, 70 
Tin Stone, 130 
Titanic Iron, 76, 78 
Titanite, 104, 110 
Topaz, 130 
Torbemite, 84 
Tourmaline, 108, 128 
Tremolite, 112 
Tridymite, 130 
Triphylite, 88 
Triplite, 88 
Trona, 92 
Troostite, 100 
Turgite, 74, 76, 86, 120 
Turquois, 128 

Ulexite, 96 
Uraninite, 80 
Uvarovite, 112, 132 

Valentinite, 80 
Vanadinite, 82 
Variscite, 124 
Vermiculite, 102 



Veauvianite, 114 
Vivianite, 88 

Wad, 78, 120 
Wagnerite, 96 
Wavellite, 124 
Wernerite, 104, 114 
White Iron Pyrites, 70 
Whitneyite, 66 
WiUemite, 120 
Witherite, 94 
Wolframite, 74, 90, 110 
WoUastonite, 104 
Wulfenite, 82 

Xenotime, 124 
Yttrotantalite, 80, 126, 128 

Zaratite, 118 

Zinc Blende, 70, 118, 124 

Zinc Spinel, 132 

Zincite, 120 

Zinc-Mn Pyroxene, 110 

Zinc Rhodonite, 110 

Zinkenite, 68 

Zinnwaldite, 90, 106 

Zircon, 130 

Zoisite, 114 
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ARRANGED UNDER SUBJECTS 



Descriptive circulars sent on application. Books marked with an asterisk (*) are 
sold at net prices only. All books are bound in cloth unless otherwise stated. 



AGRICULTURE— HORTICULTURE— FORESTRY. 

Armsby's Principles of Animal Nutrition 8vo, $4 00 

* Bowman's Forest Physiography 8vo, 5 00 

Budd and Hansen's American Horticultural Manual: 

Part I. Propagation, Culture, and Improvement 12mo, 1 50 

Part II. Systematic Pomology 12mo, 1 50 

Elliott's Engineering for Land Drainage 12moi 2 00 

Practical Farm Drainage. (Second Edition, Rewritten.) 12mo, 1 50 

Fuller's Water Supplies for the Farm. (In Press.) 

Graves's Forest Mensuration 8vo, 4 00 

* Principles of Handling Woodlands Large 12mo, 1 60 

Green's Principles of American Forestry 12mo, 1 50 

Grotenfelt's Principles of Modem Dairy Practice. (WoU.) 12mo, 2 00 

* Hawley and Hawes's Forestry in New England 8vo, 3 50 

I * Herrick's Denatured or Industrial Alcohol Svo, 4 00 

♦KempandWaugh's Landscape Gardening. (New Edition, Rewritten.) 12mo, 1 50 

• * McKay and Larsen's Principles and Practice of Butter-making Svo, 1 50 

I Maynard's Landscape Gardening as Applied to Home Decoration 12mo, 1 50 

Record's Identification of the Economic Woods of the United States. (In Press.) 

Sanderson's Insects Injurious to Staple Crops 12mo, 1 50 

\ * Insect Pests of Farm, Garden, and Orchard Large 12mo. 3 00 

* Schwarz's Longleaf Pine in Virgin Forest 12mo, 1 25 

* Solotaroff's Field Book for Street-tree Mapping 12mo, 76 

In lots of one dozen 8 00 

* Shade Trees in Towns and Cities Svo, 3 00 

Stockbridge's Rocks and Soils. Svo, 2 50 

Winton's Microscopy of Vegetable Poods Svo, 7 50 

WoU's Handbook for Farmers and Dairymen 16mo, 1 50 

ARCHITECTURE. 

* Atkinson's Orientation of Buildings or Planning for Sunlight Svo, 2 GO 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

1 




Birkmire's Architectural Iron and Steel 8vo, 

Compound Riveted Girders as Applied in Buildings 8vo. 

Planning and Construction of High Office Buildings 8vo. 

Skeleton Construction in Buildings 8vo, 

Briggs's Modem American School Buildings 8vo. 

Byrne's Inspection of Materials and Workmanship Employed in Construction. 

16mo. 

Carpenter's Heating and Ventilating of Buildings 8vo, 

* Corthell's Allowable Pressure on Deep Foundations 12mo, 

* Eckel's Building Stones and Clays 8vo, 

Freitag's Architectural Engineering 8vo, 

Fire Prevention and Fire Protection. (In Press.) 

Fireproofing of Steel Buildings 8vo, 

Gerhard's Guide to Sanitary Inspections. (Fourth Edition, Entirely Re- 
vised and Enlarged.) 12mo, 

* Modem Baths and Bath Houses : . . . . 8vo, 

Sanitation of Public Buildings 12mo, 

Theatre Fires and Panics 12mo, 

* The Water Supply, Sewerage and Plumbing of Modem City Buildings, 

8vo, 

Johnson's Statics by Algebraic and Graphic Methods 8vo 

Kellaway's How to Lay Out Suburban Home Grounds 8vo, 

Kidder's Architects' and Builders' Pocket-book 16mo, mor., 

Merrill's Stones for Building and Decoration .• 8vo, 

Monckton's Stair-building. . 4to, 

Patton's Practical Treatise on Foundations 8vo, 

Peabody's Naval Architecture 8vc, 

Rice's Concrete-block Manufacture 8vo, 

Richey's Handbook for Superintendents of Construction 16mo, mor. 

Building Foreman's Pocket Book and Ready Reference. . 16mo, mor. 
* Building Mechanics' Ready Reference Series: 

* Carpenters' and Woodworkers' Edition 16mo, mor. 

* Cement Workers' and Plasterers' Edition 16mo, mor. 

* Plumbers', Steam-Fitters', and Tinners' Edition. . . 16mo, mor. 

* Stone- and Brick-masons' Edition 16mo, mor. 

Sabin's House Painting 12mo, 

Siebert and Biggin's Modem Stone-cutting and Masonry .8vo, 

Snow's Principal Species of Wood 8vo, 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep 

Law of Contracts 8vo, 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 

Sheep, 

Wilson's Air Conditioning 12mo, 

Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small 

Hospital 12mo, 1 25 



ARMY AND NAVY. 

Bemadou's Smokeless Powder, Nitro-cellulose, and the Theory oi the Cellu- 
lose Molecule 12mo. 2 50 

Chase's Art of Pattern Making 12mo, 2 50 

Screw Propellers and Marine Propulsion 8vo, 3 00 

* Cloke's Enlisted Specialists' Examiner &vo, 2 00 

* Gunner's Examiner 8vo, 1 50 

Craig's Azimuth 4to, 3 50 

Crehore anr' Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Davis's Elements of Law 8vo, 2 50 

* Treatise on the Military Law of United States 8vo, 7 (K) 

* Dudley's Military Law and the Procedure of Courts-martial. ..Large 12mo, 2 50 
Durand's Resistance and Propulsion of Ships 8vo, 5 -CX) 

* Dyer's Handbook of Light Artillery 12mo, 3 00 
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Eissler's Modem High Explos: vcg 8vo $4 00 

* Fiebeger's Text-book on Field Fortification Large 12mo, 2 00 

Hamilton and Bond's The Gunner's Catechism 18mo, 1 00' 

* Hoff 's Elementary Naval Tactics 8vo, 1 50 

Ingalls's Handbook of Problems in Direct Fire 8vo. 4 00 

* Interior Ballistics 8vo, 3 00 

* Lissak's Ordnance and Gunnery 8vo, 6 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 1 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. L and IL.Svo.each, 6 00 

* Mahan's Permanent Fortifications. (Mercur.) 8vo. half mor. 7 50 

Manual for Courts-martial 16mo, mor. 1 50 

* Mercur's Attack of Fortified Places 12mo, 2 00 

* Elements of the Art of War 8vo, 4 00 

Nixon's Adjutants' Manual 24mo, 1 00 

Peabody's Naval Architecture 8vo, 7 50 

* Phelps's Practical Marine Survcjring 8vo, 2 50 

Putnam's Nautical Charts 8vo, 2 00 

Rust's Ex-meridian Altitude, Azimuth and Star- Finding Tables 8vo, 5 00 

* Selkirk's Catechism of Manual of Guard Duty 24mo, 60 

Sharpe's Art of Subsisting Armies in War 18mo, mor. 1 60 

* Taylor's Speed and Power of Ships. 2 vols. Text 8vo, plates oblong 4to, 7 50 

* Tujjcs and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24mo. leather, 50 

* Weaver's Military Explosives 8vo, 3 00 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo, 1 50 

ASSAYING. 

Betts's Lead Refining by Electrolysis 8vo, 4 00 

♦Butler's Handbook of Blowpipe Analysis 16mo, 75 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo. mor. 1 50 

Furman and Pardoe's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. 8 vo, 3 00 

Low's Technical Methods of Ore Analysis 8vo, 3 00 

Miller's Cyanide Process 12mo, 1 00 

Manual of Assaying 12rao, 1 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). ..12mo, 2 50 

Ricketts and Miller's Notes on Assaying 8vc, 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vc, 4 00 

* Seamon's Manual for Assayers and Chemists Large 12mo, 2 60 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

Wilson's Chlorination Process 12mo, 1 60 

Cyanide Processes 12mo, 1 50 

ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 60 

Craig's Azimuth 4to, 3 60 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Hosmer's Azimuth 16mo, mor. 1 00 

* Text-book on Practical Astronomy 8vo, 2 00 

Merriman's Elements of Precise Surveying and Geodesy. , • . .8vo, 2 60 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables 8vo, 5 00 

* White's Elements of Theoretical and Descriptive Astronomy 12mo, 2 00 

CHEMISTRY. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 6 00 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12mo, 1 26 

Alexeyeflf's General Principles of Organic Syntheses. (Matthews.) 8vo. 3 00 

Allen's Tables for Iron Analysis 8vo, 3 00 

3 
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Stockbridge's Rocks and Soils 8vo 

Stone's Practical Testing of Gas and Gas Meters 8vo 

* Tillman's Descriptive General Chemistry 8vo 

* Elementary Lessons in Heat 8vo 

Treadweli's Qualitative Analysis. (Hall.) 8vo 

Quantitative Analysis, (Hall.) 8vo 

Tumeaure and Russell's Public Water-supples 8vo 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) 12mo, 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Refining. Vol. 1 8vo 

Vol. II 8vo 

Washington's Manual of the Chemical Analysis of Rocks 8vo 

* Weaver's Military Explosives 8 vo 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students 12mo 

Text-book of Chemical Arithmetic 12mo 

Whipple's Microscopy of Drinking-water 8vo 

Wilson's Chlorination Process 12mo 

Cyanide Processes 12mo 

Winton's Microscopy of Vegetable Poods 8vo 

Zsigmondy's Ck»Ucids and the Ultramicroscope. (Alexander.).. Large 12mo 



. S2 50 


, 3 


50 


. 3 


00 


. 1 


60 


. 3 


00 


. 4 


00 


>. 5 


00 


. 1 


50 


. 3 


00 


>. 4 


00 


. 5 


00 


, 2 


00 


. 3 


00 


. 1 


50 


, 1 


50 


. 1 


25 


. 3 


50 


. 1 


50 


. 1 


50 


. 7 


50 


, 3 


00 



BRIDGES AND ROOFS. 

ING. 



CIVIL ENGINEERING. 

HYDRAULICS. MATERIALS OF ENGINEER- 
RAILWAY ENGINEERING. 



* American Civil Engineers' Pocket Book. (Mansfield Merriman, Editor- 

in-chief.) 16mo. mor. 5 00 

Baker's Engineers' Surveying Instruments 12mo, 3 00 

Bixby's Graphical Computing Table Paper 191 X 24i inches. 25 

Breed and Hosmer's Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying 8vo, 3 00 

Vol. II. Higher Surveying 8vo, 2 50 

* Burr's Ancient and Modem Engineering and the Isthmian Canal 8vo, 3 50 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

* Corthell's Allowable Pressure on Deep Foundations 12mo, 1 25 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Davis's Elevation and Stadia Tables 8vo, 1 00 

* Eckel's Building Stones and Clays 8vo, 3 00 

Elliott's Engineering for Land Drainage 12mo, 2 00 

* Fiebeger's Treatise on Civil Engineering 8vo, 5 00 

Flemer's Phototopographic Methods and Instruments 8vo, 5 00 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Freitag's Architectural Engineering 8vo, 3 50 

French and Ives's Stereotomy 8vo, 2 50 

* Hauch and Rice's Tables of Quantities for Preliminary Estimates. . . 12mo, 1 25 

Hayford's Text-book of Geodetic Astronomy .* 8vo, 3 00 

Hering's Ready Reference Tables (Conversion Factors.) 16mo, mor. 2 50 

Hosmer's Azimuth 16mo, mor. 1 00 

* Text-book on Practical Astronomy 8vo, 2 00 

Howe's Retaining Walls for Earth 12mo, 1 25 

* Ives's Adjustments of the Engineer's Transit and Level 16mo, bds. 0*25 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geod- 
esy 16mo, mor. 1 50 

* Johnson (J.B.) and Smith's Theory and Practice of Surveying . Large 12mo, 3 50 
Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 00 

* Kinnicutt. Winslow and Pratt's Sewage Disposal 8vo, 3 00 

* Mahan's Descriptive Geometry 8vo, 1 50 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 60 

Merriman and Brooks's Handbook for Surveyors 16mo, mor. 2 00 

Kugent's Plane Surveying 8vo, 3 60 

Ogden's Sewer Ck)nstruction 8vo, 3 00 

Sewer Design 12mo. 2 00 



* Ogden and Cleveland's Practical Methods of Sewage Disposal for Resi- 

dences, Hotels, and Institutions 8vo, f 1 50 

Parsons's Disposal of Municipal Refuse. 8vo, 2 00 

Pat ton's Treatise on Civil Engineering. ... • • • .8vo, half leather, 7 60 

Reed's Top>ographical Drawing and Sketching 4to, 6 00 

Riemer's Shaft-sinking under Difficult Conditions. (Coming and Peele.).8vo. 3 00 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, 1 60 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 2 60 

Soper's Air and Ventilation of Subways 12mo, 2 60 

* Tracy's Exercises in Surveying 12mo. mor. 1 00 

Tracy's Plane Surveying Idmo, mor. 3 00 

Venable's Garbage Crematories in America 8vo, 2 00 

Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep. 6 60 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 00 

Sheep. 6 60 

Warren's Stereotomy — Problems in Stone-cutting 8vo, 2 60 

* Waterbury's Vest-Pocket Hand-book of Mathematics for Engineers. 

2}X6i inches, mor. 1 00 

* Enlarged Edition. Including Tables mor. 1 60 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

16mo, mor. 1 26 

Wilson's Topographic, Trigonometric and Geodetic Surveying 8vo. 3 60 

BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges..8vo, 2 00 

* Thames River Bridge Oblong paper, 6 00 

Burr and Falk's Design and Construction of Metallic Bridges 8vo, 6 00 

Influence Lines for Bridge and Roof Computations 8vo, 3 00 

Du Bois's Mechanics of Engineering. Vol. II Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 6 00 

Fowler's Ordinary Foundations 8vo, 3 60 

Greene's Arches in Wood, Iron, and Stone 8vo, 2 60 

Bridge Trusses 8vo, 2 60 

Roof Trusses 8vo, 1 25 

Grimm's Secondary Stresses in Bridge Trusses 8vo, 2 60 

Heller's Stresses in Structures and the Accompanying Deformations.. . .8vo, 3 00 

Howe's Design of Simple Roof- trusses in Wood and Steel 8vo, 2 00 

Symmetrical Masonry Arches 8vo, 2 60 

Treatise on Arches 8vo, 4 00 

* Hudson's Deflections and Statically Indeterminate Stresses Small 4to, 3 60 

* Plate Girder Design 8vo, 1 60 

* jacoby's Structural Details, or Elements of Design in Heavy Framing, 8vo, 2 25 
Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, 10 00 

* Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures. New Edition. Part 1 8vo, 3 (X) 

* Part II. New Edition 8vo, 4 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, 2 60 

Part II. Graphic Statics 8vo, 2 60 

Part III. Bridge Design 8vo. 2 60 

Part IV. Higher Structures 8vo, 2 60 

Ricker's Design and Construction of Roofs. (In Press.) 

Sondericker's Graphic Statics, with Applications to 'Trusses, Beams, and 

Arches 8vo, 2 00 

Waddell's De Pontibus, Pocket-book for Bridge Engineers 16mo, mor. 2 00 

* Specifications for Steel Bridges 12mo, 60 

HYDRAULICS. 

Barnes's Ice Formation 8vo, 3 (X) 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 2 (X) 
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Bovey's Treatise on Hydraulics 8vo, $5 00 

Church's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper. 1 50 

Hydraulic Motors 8vo, 2 00 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering) . .8vo, 3 00 

Coffin's Graphical Solution of Hydraulic Problems , 16mo, mor. 2 50 

PUther's Dynamometers, and the Measurement of Power 12mo. 3 00 

Folwell's Water-supply Engineering 8vo, 4 00 

Frizell's Water-power 8vo, 5 00 

Fuertes's Water and Public Health 12mo. 1 60 

Water-filtration Works 12mo, 2 50 

Gangmllet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo. 4 00 

Hazen's Clean Water and How to Get It Large 12mo. 1 50 

Filtration of Public Water-supplies 8vo. 3 00 

Hazelhurst's Towers and Tanks for Water-works 8vo 2 50 

Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted. Metal 

Conduits 8vo, 2 00 

Hoyt and Grover's River Discharge 8vo. 2 00 

Hubbard and Kiersted's Water-works Management and Maintenance. 

8vo. 4 00 

* Lyndon's Development and Electrical Distribution of Water Power. 

8vo, 3 00 
Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 8vo, 

* Merriman's Treatise on Hydraulics. 9th Edition, Rewritten 8vo, 

* Molitor's Hydraulics of Rivers, Weirs and Sluices 8vo, 

* Morrison and Brodie's High Masonry Dam Design Svo, 

* Richards's Laboratory Notes on Industrial Water Analysis Svo, 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply. Second Edition. Revised and Enlarged Large Svo, 

* Thomas and Watt's Improvement of Rivers 4to, 

Tumeaure and Russell's Public Water-supplies Svo, 

* Wegmann's Design and Construction of Dams. 6th Ed., enlarged. ...4to, 

Water-Supply of the City of New York from 165S to 1S95 4to, 

Whipple's Value of Pure Water Large 12mo, 

Williams and Hazen's Hydraulic Tables Svo, 

Wilson's Irrigation Engineering Svo, 

Wood's Turbines Svo, 



MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements Svo. 

Treatise on Masonry Construction Svo, 

Black's United States Public Works Oblong 4to, 

* Blanchard and Drowne's Highway Engineering, as Presented at the 

Second International Road Congress. Brussels, 1910 Svo. 

Bleininger's Manufacture of Hydraulic Cement. (In Preparation.) 

* Bottler's German and American Varnish Making. (Sabin.) . .Large 12mo, 

Burr's Elasticity and Resistance of the Materials of Engineering Svo, 

Byrne's Highway Construction Svo, 

Inspection of the Materials and Workmanship Employed in Construction. 

16mo, 

Church's Mechanics of Engineering Svo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineer- 
ing Svo, 4 50 

Du Bois's Mechanics of Engineering. 

Vol. I. Kinematics, Statics. Kinetics Small 4to. 7 50 

Vol. II. The Stresses in Framed Structures, Strength of Materials and 

Theory of Flexures Small 4to, 10 00 

* Eckel's Building Stones and Clays Svo. 3 00 

* Cements, Limes, and Plasters Svo, 6 00 

Fowler's Ordinary Foundations Svo, 3 50 

* Greene's Structural Mechanics Svo, 2 50 

HoUey's Analysis of Paint and Varnish Products. (In Press.) 

♦ Lead and Zinc Pigments Large 12mo, 3 00 
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* Hubbard's Dust Preventives and Road Binders Svo, $3 00 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite. Large 12mo, 3 00 

Johnson's (J. B.) Materials of Construction. Large Svo, 6 00 

Keep's Cast Iron 8vo, 2 50 

Lanza's Applied Mechanics '. 8vo, 7 50 

Lowe's Paints for Steel Structures 12mo, 1 00 

Maire's Modem Pigments and their Vehicles 12mo, 2 00 

* Martin's Text Book on Mechanics. Vol. I. Statics 12mo, 1 25 

* Vol. II. Kinematics and Kinetics 12mo, 1 50 

* Vol. III. Mechanics of Materials ] 2rao, 1 50 

Maurer's Technical Mechanics 8vo, 4 00 

Merrill's Stones for Building and Decoration Svo. 5 00 

Merriman's Mechanics of Materials Svo, 5 00 

* Strength of Materials 12mo, 1 00 

Metcalf 's Steel. A Manual for Steel-users 12mo, 2 00 

Morrison's Highway Engineering Svo, 2 50 

* Murdock's Streng^th of Materials 12mo, 2 00 

Patton's Practical Treatise on Foundations Svo, 5 00 

Rice's Concrete Block Manufacture Svo, 2 00 

Richardson's Modem Asphalt Pavement Svo, 3 00 

Richey's Building Foreman's Pocket Book and Ready Reference. 16mo, mor. 5 00 

* Cement Workers' and Plasterers' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 1 50 

Handbook for Superintendents of Construction 16mo, mor. 4 00 

* Stone and Brick Masons' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 1 50 

* Ries's Clays : Their Occurrence, Properties, and Uses Svo, 5 00 

* Ries and Leighton's History of the Clay-working Industry of the United 

States Svo, 2 50 

Sabin's Industrial and Artistic Technology of Paint and Varnish Svo, 3 00 

* Smith's Strength of Material 12mo, 1 25 

Snow's Principal Species of Wood Svo, 3 50 

Spalding's Hydraulic Cement : 12mo, 2 00 

Text-book on Roads and Pavements 12mo, 2 00 

* Taylor and Thompson's Concrete Costs Small Svo, 5 00 

* Extracts on Reinforced Concrete Design Svo, 2 00 

Treatise on Concrete, Plain and Reinforced Svo, 5 00 

Thurston's Materials of Engineering. In Three Parts Svo, S 00 

Part I. Non-metallic Materials of Engineering and Metallurgy. . . , Svo, 2 00 

Part II. Iron and Steel Svo. 3 50 

Part III, A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 2 50 

Tillson's Street Pavements and Paving Materials Svo, 4 00 

Tumeaure and Maurer's Principles of Reinforced Concrete Construction. 

Second Edition, Revised and Enlarged Svo, 3 50 

Waterbury's Cement Laboratory Manual 12m.o, 1 00 

* Laboratory Manual for Testing Materials of Construction 12mo, 1 50 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber Svo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel Svo, 4 00 

RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers 3X6 inches, mor. 1 25 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brooks's Handbook of Street Railroad Location 16mo, mor. 1 50 

* Burt's Railway Station Service '. l2mo, 2 00 

Butts's Civil Engineer's Field-book 16mo, mor. 2 50 

Crandall's Railway and Other Earthwork Tables Svo, 1 50 

Crandall and Barnes's Railroad Surveying ... 16mo, mor. 2 00 

* Crockett's Methods for Earthwork Computations Svo, 1 50 

Dredge's History of the Pennsylvania Railroad. (1S79) Paper, 5 00 

Fisher's Table of Cubic Yards Cardboard, 26 

* Gilbert Wightman and Saunders's Subways and Tunnels of New York. Svo, 4 00 
Godwin's Railroad Engineers' Field-book and Explorers' Guide. . 16mo, mor. 2 50 
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Hudson's Tables for Calculating the Cubic Contents of Excavations and Bm- 

bankments 8vo, 

Ives and Hilts's Problems in Surveying, Railroad Surveying an<I Geodesy 

IBmo, mor. 

Molitor and Beard's Manual for Resident Engineers 16mo, 

Nagle's Field Manual for Railroad Engineers 16mo, mor. 

* Orrock's Railroad Structures and Estimates 8vo, 

Philbrick's Field Manual for Engineers ICmo, mor. 

Raymond's Railroad Field Geometry ! . , . 16mo, mor. 

Elements of Railroad Engineering 8vo, 

Railroad Engineer's Field Book. (In Preparation.) 

Roberts' Track Formulae and Tables 16mo, mor. 

Searles's Field Engineering 16mo, mor. 

Railroad Spiral 16mo, mor. 

Taylor's Prismoidal Formulae and Earthwork 8vo, 

Webb's Economics of Railroad Construction Large 12mo, 

Railroad Construction 16mo, mor. 

Wellington's Economic Theory of the Location of Railways Large 12mo, 

Wilson's Elements of Railroad-Track and Construction 12mo, 

DRAWING. 

Barr and Wood's Kinematics of Machinery Svo, 

* Bartlett's Mechanical Drawing Svo, 

* " " " AbridgedEd Svo. 

* Bartlett and Johnson's Engineering Descriptive Geometry Svo, 

Blessing and Darling's Descriptive Geometry. (In Press.) 

Elements of Drawing. (In Press.) 

C^olidge's Manual of Drawing Svo, paper, 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to 

Durley's Kinematics of Machines Svo 

Emch's Introduction to Projective Geometry and its Application Svo 

Hill's Text-book on Shades and Shadows, and Perspective Svo 

Jamison's Advanced Mechanical Drawing Svo 

Elements of Mechanical Drawing Svo 

Jones's Machine Design: 

Part I. Kinematics of Machinery Svo 

Part II. Form, Strength, and Proportions of Parts Svo 

* Kimball and Barr 's Machine Design Svo 

MacCk>rd's Elements of Descriptive Geometry Svo 

Kinematics; or. Practical Mechanism Svo 

Mechanical Draw^ing 4to 

Velocity Diagrams Svo 

McLeod's Descriptive Geometry Large 12mo 

* Mahan's Descriptive Geometry and Stone-cutting Svo 

Industrial Drawing. (Thompson.) Svo 

Moyer's Descriptive Geometry Svo 

Reed's Topographical Drawing and Sketching 4to 

* Reid's Mechanical Drawing. (Elementary and Advanced.) Svo 

Text- book of Mechanical Drawing and Elementary Machine Design.. Svo 

Robinson's Principles of Mechanism .k, Svo 

Schwamb and Merrill's Elements of Mechanism Svo 

Smith (A. W.) and Marx's Machine Design „ Svo 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) Svo 

* Titsworth's Elements of Mechanical Drawing Oblong Svo 

Tracy and North's Descriptive Geometry. (In Press.) 

Warren's Elements of Descriptive Geometry, Shadows, and Perspective. .Svo 

.Elements of Machine Construction and Drawing Svo 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo 

General Problems of Shades and Shadows Svo 

Manual of Elementary Problems in the Linear Perspective of Forms and 

Shadow 12mo 

Manual of Elementary Projection Drawing 12mo 

Plane Problems in Elementary Geometry 12mo 

Weisbach's Kinematics and Power of Transmission. (Hermann and 
Klein.) Svo 

Wilson's (H. M.) Topographic Surveying Svo 
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♦Wilson's (V. T.) Descriptive Geometry 8vo, $1 60 

Pree-hand Lettering 8vo, 1 00 

Pree-hand Perspective 8vo, 2 60 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 00 

ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.") 12mo, 1 25 

Andrews's Hand-book for Street Railway Engineers 3X5 inches mor. 1 25 

Anthony and Ball's Lecture-notes on the Theory of Electrical Measure- 
ments 12mo, 1 00 

Anthony and Brackett's Text-book of Physics. (Magie.) Large 12mo, 3 00 

Benjamin's History of Electricity 8vo, 3 00 

Betts's Lead Refining and Electrolysis 8vo, 4 00 

* Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition 8vo, 4 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

* CoUins's Manual of Wireless Telegraphy and Telephony 12mo, 1 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Danneel's Electrochemistry. (Merriam.) 12mo, 1 25 

Dawson's "Engineering" and Electric Traction Pocket-book. . . . 16mo, mor. 5 00 
Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

12mo, 2 50 

Duhem's Thermodynamics and Chemistry. (Burgess. ") 8vo, 4 00 

Flather's Dynamometers, and the Measurement of Power 12mo, 3 00 

* Getman's Introduction to Physical Science 12mo, 1 50 

Gilbert's De Magnete. (Mottelay ) 8vo, 2 50 

* Hanchett's Alternating Currents 12mo, 1 00 

Hering's Ready Reference Tables (Conversion Factors) 16mo, mor. 2 50 

* Hobart and Ellis's High-speed Dynamo Electric Machinery 8vo, 6 00 

Holman's Precision of Measurements 8vo, 2 00 

Telescope- Mirror-scale Method, Adjustments, and Tests Large 8vo, 75 

* Hutchinson's High-Efficiency Electrical Illuminants and Illumination. 

Large 12mo, 2 50 

* Jones's Electric Ignition 8vo, 4 00 

Karapetoff's Experimental Electrical Engineering: 

* Vol. 1 8vo, 3 50 

* Vol. II 8vo, 2 50 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 2 00 

* Koch's Mathematics of Applied Electricity Small 8vo, 3 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

* Lauffer's Electrical Injuries IGmo, 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz. ) 8vo, 3 00 

* Lyndon's Development and Electrical Distribution of Water Power . . 8vo, 3 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols, I. and II. 8vo, each, 6 00 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 4 00 

* Morgan's Physical Chemistry for Electrical Engineers 12mo, 1 50 

* Norris's Introduction to the Study of Electrical Engineering 8vo, 2 50 

Norris and Dennison's Course of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart's Electric Machine Design 4to, half mor, 12 50 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbninner.). .8vo, 2 00 

* Ryan's Design of Electrical Machinery: 

* Vol. I. Direct Current Dynamos 8vo, 1 50 

Vol. II. Alternating Current Transformers 8vo, 1 50 

Vol. III. Alternators, Synchronous Motors, and Rotary Converters. 

(In Preparation.) 

Ryan, Norris, and Hoxie's Text Book of Electrical Machinery 8vo, 2 50 

Schapp>er's Laboratory Guide for Students in Physical Chemistry 12mo, 1 00 

* Tillman's Elementary Lessons in Heat 8vo. 1 50 

* Timbie's Elements of Electricity Large 12mo, 2 00 

* Answers to Problems in Elements of Electricity 12mo, Paper 25 

Tory and Pitcher's Manual of Laboratory Physics Large 12mo, 2 00 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

* Waters's Commercial Dynamo Design 8vo, 2 00 
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LAW. 

* Brennan's Hand-book of Useful Legal Information for Business Men. 

16mo, mor. 

* Davis's Elements of Law 8vo, 

* Treatise on the Military Law of United States 8vo, 

* Dudley's Military Law and the Procedure of Courts-martial. . Large 12mo. 

Manual for Courts-martial 16mo, mor. 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 

Law of Contracts • 8vo, 

Law of Operations Preliminary to Construction in Engineering and 
Architecture 8 vo, 

Sheep, 

MATHEMATICS. 

Baker's EUiptic Functions 8vo, 

Briggs's Elements of Plane Analytic Geometry. (B6cher.) 12mo, 

* Buchanan's Plane and Spherical Trigonometry 8vo, 

Byerly's Harmonic Functions ..8vo, 

Chandler's Elements of the Infinitesimal Calculus 12mo, 

* Coffin's Vector Analysis 12mo, 

Compton's Manual of Logarithmic Computations 12mo, 

* Dickson's College Algebra Large 12mo, 

* Introduction to the Theory of Algebraic Equations Large 12mo, 

Emch's Introduction to Projective Geometry and its Application 8vo, 

Fiske's Functions of 'a Complex Variable 8vo, 

Halsted's Elementary Synthetic Geometry 8vo, 

Elements of Geometry 8vo, 

* Rational Geometry 12mo, 

Synthetic Projective Geometry 8vo, 

* Hancock's Lectures on the Theory of Elliptic Functions 8vo, 

Hyde's Grassmann's Space Analysis 8vo, 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 

* 100 copies, 
* Mounted on heavy cardboard, 8 X 10 inches, 

* 10 copies, 
Johnson's (W. W.) Abridged Editions of Differential and Integral Calculus. 

Large 12mo, 1 vol. 

Curve Tracing in Cartesian Co-ordinates 12mo, 

Differential Equations 8vo. 

Elementary Treatise on Differential Calculus Large 12mo, 

Elementary Treatise on the Integral Calculus Large 12mo, 

* Thfcoretical Mechanics 12mo, 

Theory of Errors and the Metliod of Least Squares 12mo, 

Treatise on Differential Calculus Large 12mo, 

Treatise on the Integral Calculus Large 12mo, 

Treatise on Ordinary and Partial Differential Equations. . .Large 12mo, 

Karapetoff's Engineering Applications of Higher Mathematics: 

* Part I. Problems on Machine Design Large 12mo, 

* Koch's Mathematics of Applied Electricity 8vo, 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . 12mo, 

* Le Messurier's Key to Professor W. W. Johnson's Differential Equations. 

Small 8vo, 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables 8vo. 

* Trigonometry and Tables published separately Each, 

Macfarlane's Vector Analysis and Quaternions 8vo, 

McMahon's Hyperbolic Functions 8vo, 

Manning's Irrational Numbers and their Representation by Sequences and 

Series 12mo» 

* Martin's Text Book on Mechanics. Vol. I. Statics 12mo, 

* Vol. II. Kinematics and Kinetics 12mo, 

* Vol. III. Mechanics of Materials 12mo, 
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Mafhematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each $1 00 

No. 1. History of Modem Mathematics, by David Bttgene Smith. 
No. 2. Synthetic Projettive Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Giflord Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 6. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robiert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Method of Least Squares 8vo, 2 00 

Solution of Equations 8vo, 1 00 

* Moritz's Elements of Plane Trigonometry 8vo, 2 00 

Rice and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large 12mo, 1 50 

Elementary Treatise on the Differential Calculus Large 12mo, 3 00 

Smith's History of Modem Mathematics 8vo, 1 00 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo, 2 00 

* Watcrbury's Vest Pocket Hand-book of Mathematics for Engineers. 

21 X6| inches, mor. 100 

♦ Enlarged Edition, Including Tables mor. 1 50 

Weld's Determinants 8vo, 1 00 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Woodward's Probability and Theory of Errors 8vo, 1 00 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING. STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice. . 12mo, 1 50 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Barr and Wood's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " " Abridged Ed 8vo, 150 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 1 50 

* Burr's Ancient and Modem Engineering and the Isthmian Canal 8vo, 3 50 

Carpenter's Heating and Ventilating Buildings 8vo, 4 00 

* Carpenter and Diederichs's Experimental Engineering 8vo, 6 00 

* Clerk's The Gas, Petrol and Oil Engine 8vo, 4 00 

Compton's First Lessons in Metal Working 12mo, 1 50 

Compton and De Groodt's Speed Lathe 12mo, 1 50 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 2 50 

Cromwell's Treatise on Belts and Pulleys 12mo, 1 50 

Treatise on Toothed Gearing 12mo, 1 50 

Dingey's Machinery Pattern Making 12mo, 2 00 

Durley's Kinematics of Machines 8vo, 4 00 

Flanders's Gear-cutting Machinery Large 12mo. 3 00 

Flather's Dynamometers and the Measurement of Power 12mo, 3 00 

Rope Driving 12mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

Goss's Locomotive Sparks 8vo, 2 00 

* Greene's Pumping Machinery 8vo, 4 00 

Hering's Ready Reference Tables (Conversion Factors) 16mo, mor. 2 50 

* Hobart and Ellis's High Speed Dynamo Electric Machinery 8vo, 6 00 

Hutton's Gas Engine 8vo, 5 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing 8vo, 2 50 

Jones's Gas Engine 8vo, 4 00 

Machine Design: 

Part I. Kinematics of Machinery 8vo, 1 50 

Part II. Form, Strength, and Proportions of Parts 8vo, 3 00 
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* Kaup's Machine Shop Practice Large 12nio $1 25 

* Kent's Mechanical Engineer's Pocket-Book 16mo, mor. 5 00 

Kerr's Fo^er and Power Transmission 8vo, 2 00 

* Kimball and Barr's Machine Design 8vo. 3 00 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8vo 

* Lanza's Dynamics of Machinery 8yo 

Leonard's Machine Shop Tools and Metht>ds 8vo 

* Levin's Gas Engine 8vo 

* Lorenz's Modem Refrigerating Machinery. (Pope. Haven, and Dean)..8vo 
MacCord's Kinematics; or, Practical Mechanism 8vo 

Mechanical Drawing 4to 

Velocity Diagrams 8vo 

MacParland's Standard Reduction Factors for Gases 8vo 

Mahan's Industrial Drawing. (Thompson.) 8vo 

Mehrtens's Gas Engine Theory and Design Large 12mo 

Miller, Berry, and Riley's Problems in Thermodynamics and Heat Engineer- 

inj 8vo, paper 

Oberg's Handbook of Small Tools Large 12mo 

* Parshall and Hobart's Electric Machine Design. Small 4to. half leather, 

* Peele's Compressed Air Plant. Second Edition, Revised and Enlarged. 8vo 

* Perkins's Introduction to General Thermodynamics 12mo. 

Poole's Calorific Power of Fuels 8vo 

* Porter's Engineering Reminiscences. 1865 to 1882 8vo 

Randall's Treatise on Heat. (In Press.) 

* Reid's Mechanical Drawing. (Elementary and Advanced.) 8vo 

Text-book of Mechanical Drawing and Elementary Machine Design. 8 vo 

Richards's Compressed Air 12mo 

Robinson's Principles of Mechanism 8vo 

Schwamb and Merrill's Elements of Mechanism ^ 8vo 

Smith (A. W.) and Marx's Machine Design 8vo 

Smith's (O.) Press-working of Metals 8vo 

Sorel's Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large 12mo 

Stone's Practical Testing of Gas and Gas Meters 8vo 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics 

12mo 

Treatise on Friction and Lost Work in Machinery and Mill Work. . .8vo 

* Tillson's Complete Automobile Instructor 16mo 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo 

Warren's Elements of Machine Construction and Drawing 8vo 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2} X 5| inches, mor. 1 

* Enlarged Edition, Including Tables mor. 1 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 

Klein.) 8vo, 5 

Machinery of Transmission and Governors. (Hermann — Klein.). .8vo, 5 
Wood's Turbines 8vo, 2 
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MATERIALS OF ENGINEERING. 



Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 50 

Church's Mechanics of Engineering 8vo, 6 00 

Mechanics of Solids (Being Parts I, 11, III of Mechanics of Engineering). 

8vo, 4 50 

* Greene's Structural Mechanics 8vo, 2 60 

HoUey's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 3 00 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special 

Steels, Steel-Making Alloys and Graphite Large 12mo, 3 00 

Johnson's (J. B.) Materials of Construction 8vo, 6 00 

Keep's Cast Iron 8vo. 2 60 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8vo, 2 60 

Lanza's Applied Mechanics 8vo, 7 60 

Lowe's Paints for Steel Structures 12mo, 1 00 

Maire's Modem Pigments and. their Vehicles 12mo, 2 00 
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Maurer's Technical Mechanics 8vo, 

Merriman's Mechanics of Materials 8vo, 

* Strength of Materials 12mo. 

Metcalf 's Steel. A Manual for Steel-users 12mo. 

* Murdock's Strength of Materials 12mo, 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo. 

Smith's (A. W.) Materials of Machines 12mo, 

* Smith's (H. E.) Strength of Material 12mo. 

Thurston's Materials of Engineering 3 vols., 8vo, 

Part I. Non-metallic Materials of Engineering 8vo, 

Part II. Iron and Steel 8vo. 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 
Constituents 8vo. 

* Waterbury's Laboratory Manual for Testing Materials of Construction. 

12mo, 

Wood's (De V.) Elements of Analytical Mechanics 8vo, 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo. 2 00 

Wood's (M. P.) Rustless Coatings* Corrosion and Electrolysis of Iron and 

Steel 8vo. 4 00 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. Third Edition Revised and En- 
larged 12mo. 

Camot's Reflections on the Motive Power of Heat. (Thurston.) I2mo, 

Chase's Art of Pattern Making I2mo, 

Creighton's Steam-engine and other Heat Motors 8vo, 

Dawson's "Engineering" and Electric Traction Pocket-book. .. . l(Jmo, mor. 

* Gebhardt's Steam Power Plant Engineering 8vo, 

Goss's Locomotive Performance 8vo, 

Hemenway's Indicator Practice and Steam-engine Economy 12mo, 

Hirshfeld and Barnard's Heat Power Engineering. (In Press.) 

Hutton's Heat and Heat-engines 8vo, 

Mechanical Engineering of Power Plants 8vo. 

Kent's Steam Boiler Economy 8vo, 

Kneass's Practice and Theory of the Injector 8vo, 

MacCord's Slide-valves 8vo, 

Meyer's Modem Locomotive Construction 4to. 

Miller, Berry, and Riley's Problems in Thermodynamics 8vo, paper, 

Moyer's Steam Turbine 8vo, 

Peabody's Manual of the Steam-engine Indicator 12mo, 

Tables of the Properties of Steam and Other Vapors and Temperature- 
Entropy Table 8vo, 

Thermodynamics of the Steam-engine and Other Heat-engines. . . .8vo, 

* Thermodynamics of the Steam Turbine 8vo, 

Valve-gears for Steam-engines 8vo, 

Peabody and Miller's Steam-boilers 8vo, 

* Perkins's Introduction to General Thermodynamics 12mo. 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) 12mo, 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 

Sinclair's Locomotive Engine Running and Management 12mo. 

Smart's Handbook of Engineering Laboratory Practice 12mo, 

Snow's Steam-boiler Practice 8vo, 

Spangler's Notes on Thermodynamics I2mo, 

Valve-gears 8vo, 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 

Thomas's Steam-turbines 8vo, 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake 8vo, 

Manual of Steam-boilers, their Designs^ Construction, and Operation 8vo, 

Manual of the Steam-engine 2 vols., 8vo, 

Part I. History, Structure, and Theory 8vo, 

Part II. Design, Construction, and Operation 8vo, 
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Wdirenfennig's Analysis and Softening of Boiler Peed- water. (Patterson.) 

8vo. $4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00 

Whitham's Steam-engine Design 8vo. 5 00 

Wood's Thermodsmamics, Heat Motors, and Refrigerating Machines. . .8vo, 4 00 

MECHAinCS PUER AHB APPUEDl 

QuanSi's Mechanics of Engineering 8vo, 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering). . 8vo, 

* Mechanics of Internal Work 8vo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineering). 

8vo, 

Notes and Examples in Mechanics 8vo, 

Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo, 
Du Bois's Elementary Principles of Mechanicb: 

Vol. I. Kinematics 8vo, 

Vol. II. Statics 8vo, 

Mechanics of Engineering. Vol. I Small 4to, 

Vol. II Small 4to, 

* Greene's Structural Mechanics 8vo, 

* Hartmann's Elementary Mechanics for Engineering Students I2mo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo, 

* Johnson's (W. W.) Theoretical Mechanics 12mo, 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8vo, 

Lanza's Applied Mechanics 8vo, 

* Martin's Text Book on Mechanics, Vol. I, Statics 12mo, 

* Vol. II. Kinematics and Kinetics 12mo, 

* Vol. III. Mechanics of Materials 12mo, 

Maurer's Technical Mechanics 8vo. 

* Merriman's Elements of Mechanics 12mo, 

Mechanics of Materials 8 vo, 

* Michie's Elements of Analytical Mechanics 8vo, 

Robinson's Principles of Mechanism 8vo, 

Sanborn's Mechanics Problems Large 12mo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Wood's Elements of Analytical Mechanics 8vo, 

Principles of Elementary Mechanics 12mo, 

MEDICAL. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 5 00 

von Behring's Suppression of Tuberculosis. (Bolduan.) 12mo, 1 00 

* Bolduan's Immune Sera 12mo, 1 60 

Bordet's Studies in Immunity. (Gay.) 8vo, 6 00 

* Chapin's The Sources and Modes of Infection Large 12mo, 3 00 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions : 16mo, mor. 1 50 

Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo, 6 00 

* Fischer's Nephritis Large I2mo, 2 50 

♦Oedema 8vo, 2 00 

* Physiology of Alimentation Large 12mo, 2 00 

* de Fursac's Manual of Psychiatry. . (Rosanoff and Collins.) . . . Large 12mo, 2 50 

* Hammarsten's Text-book on Physiological Chemistry. (Mandel.).. . .8vo, 4 00 
Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo. 1 25 
Lassar-Cohn's Praxis of Urinary Analysis. (Lorenz.) 12mo, 1 00 

* Lauffer's Electrical Injuries 16mo, 50 

Mandel's Hand-book for the Bio-Chemical Laboratory 12mo. 1 50 

* Nelson's Analysis of Drugs and Medicines 12mo, 3 00 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer. )..12mo, 1 25 

* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn.). . 12mo, 1 00 

Rostoski's Serum Diagnosis. (Bolduan.) 12mo, 1 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Whys in Pharmacy 12mo, 1 00 

Salkowski's Physiological and Pathological Chemistry. (Orndorff.) .. ..8vo, 2 60 
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* Satterlee's Outlines of Human Embryology 12mo, $1 25 

Smith's Lfscture Notes on Chemistry for Dental Students 8vo, 2 60 

* Whipple's Tyhpoid Fever Large 12mo, 3 00 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo, 1 50 

* Personal Hygiene 12mo, 1 00 

Worcester and Atkinson's Small Hospitals Establishment and Maintenance, 
and Suggestions for Hospital Architecture, with Plans for a Small 

Hospital 12mo, 1 25 



METALLURGY. 

Betts's,Lead Refining by Electrolysis 8vo 

Bolland's Encyclopedia of Founding and Dictionary of Foundry Terms used 

in the Practice of Moulding 12mo 

Iron Founder 12mOto 

" " Supplement ,.13!rno 

* Borchers's Metallurgy. (Hall and Hayward.) 8vo 

* Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition Svo 

Douglas's Untechnical Addresses on Technical Subjects 12mo 

Goesel's Minerals and Metals: A Reference Book. 16mo, mor 

* Iles's Lead-smelting 12mo 

Johnson's Rapid Methods for tile Chemical Analysis of Special Steels 

Steel-making Alloys and Graphite Large 12mo 

Keep's Cast Iron Svo 

Mstcalf 's Steel. A Manual for Steel-users 12mo 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . 12mo 

* Palmer's Foundry Practice Large 12mo 

* Price and Meade's Technical Analysis of Brass 12mo 

* Ruer's Elements of Metallography. (Mathewson.) Svo 

Smith's Materials of Machines 12mo 

Tate and Stone's Foundry Practice 12mo 

Thurston's Materials of Engineering. In Three Parts Svo 

Part I. Non-metallic Materials of Engineering, see Civil Engineering 
page 9. 

Part II. Iron and Steel Svo 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents ; Svo 

U Ike's Modem Electrolytic Copper Refining Svo 

West's American Foundry Practice 12mo 

Moulders' Text Book I2mo 
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MINERALOGY. 

* Browning's Introduction to the Rarer Elements Svo, 

Brush's Manual of Deterniinative Mineralogy. (Penfield.) Svo, 

Butler's Pocket Hand-book of Minerals 16mo, mor. 

Chester's Catalogue of Minerals Svo, paper, 

Cloth, 

* Crane's Gold and Silver Svo, 

Dana's First Appendix to Dana's New "System of Mineralogy". .Large Svo, 
Dana's Second Appendix to Dana's New " System of Mineralogy." 

Large Svo, 

Manual of Mineralogy and Petrography 12mo, 

Minerals and How to Study Them 12mo, 

System of Mineralogy Large Svo, half leather, 

Text-book of Mineralogy Svo, 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 

Eakle's Mineral Tables - Svo, 

* Eckel's Building Stones and Clays Svo, 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 

* Groth's The Optical Properties of Crystals. (Jackson.) Svo, 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 

* Hayes's Handbook for Field Geologists 16mo, mor. 

Iddings's Igneous Rocks Svo, 

Rock Minerals Svo, 
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Johannsen's Determination of Rock-forming Minerals in Thin Sections. 8vo, 

With Thumb Index S5 00 

* Martin's Laboratory Guide to Qualitative Analysis with the Blow- 

pipe 12mo, 60 

MerriU's Non-metallic Minerals : Their Occurrence and Uses 8vo, 4 00 

Stones for Building and Decoration 8vo, 5 00 

* Penfield's Notes on Determinative Mineralogy and Record of Miners.' Tests. 

8vo, paper, 60 
Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production 8vo, 1 00 

* Pirsson's Rocks and Rock Minerals 12mo, 2 50 

* Richards's Synopsis of Mineral Characters 12mo, mor. 1 25 

* Ries's Clays : Their Occurrence, Properties and Uses 8vo, 5 00 

* Ries and Leighton's History of the Clay-working industry of the United 

States 8vb, 2 50 

* Rowe's Practical Mineralogy Simplified 12mo, 1 25 

* Tillman's Text-book of Important Minerals and Rocks 8vo. 2 00 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 2 00 

MINING. 

* Beard's Mine Gases and Explosions Large 12mo, 3 00 

* Crane's Gold and Silver 8vo, 6 00 

* Index of Mining Engineering Literature 8vo, 4 00 

* 8vo, mor. 5 00 

* Ore Mining Methods. 8vo. 3 Of 

* Dana and Saunders's Rock Drilling 8vo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 1 00 

Eissler's Modem High Explosives 8vo. 4 00 

* Gilbert Wightman and Saunders's Subways and Tunnels of New York. 8vo, 4 00 

Goesel's Minerals and Meials: A Reference Book 16mo, mor. 3 00 

Ihlseng's Manual of Mining. 8vo, 5 00 

* Iles's Lead Smelting 12mo, 2 50 

* Peele's Compressed Air Plant 8vo, 3 60 

Riemer'sShaft Sinking Under Difficult Conditions. (Coming and Peele.)8vo, 3 00 

* Weaver's Military Explosives. 8vo, 3 00 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritten 12mo, 2 50 

Treatise on Practical and Theoretical Mine Ventilation 12mo, 1 25 

SANITARY SCIENCE. 

Association of State and National Food and Dairy Departments, Hartford 

Meeting, 1906 8vo, 3 00 

Jamestown Meeting, 1907 8vo, 3 00 

* Bashore's Outlines of Practical Sanitation 12mo, 1 26 

Sanitation of a Country House 12mo, 1 00 

Sanitation of Recreation Camps and Parks 12mo, 1 00 

* Chapin's The Sources and Modes of Infection Large 12mo. 3 00 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 00 

Water-supply Engineering 8vo, 4 00 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fuertes's Water-filtration Works 12mo, 2 60 

Water and Public Health 12mo, 1 60 

Gerhard's Guide to Sanitary Inspectio^ns 12mo, 1 59 

* Modem Baths and Bath Houses 8vo, 3 00 

Sanitation of Public Buildings 12mo, 1 59 

* The Water Supply, Sewerage, and Plumbing of Modem City Buildings. 

8vo. 4 00 

Hazen's Clean Water and How to Get It Large 12mo, 1 50 

Filtration of Public Water-supplies 8vo, 3 0# 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 3 00 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 50 

Mason's Examination of Water. (Chemical and Bacteriological) 12mo, 1 25 

Water-supply. (Considered principally from a Sanitary Standpoint). 

8vo, 4 Ot 

* Mast's Light and the Behavior of Organisms Large 12mo, 2 50 
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* Merriman's Elements of Sanitary Engineering 8vo, 

Ogden's Sewer Construction 8vo, 

Sewer Design 12mo, 

* Ogden and Cleveland's Practical Methods of Sewage Disposal for Res- 

idences, Hotels and Institutions 8vo, 

Parsons's Disposal of Municipal Refuse Svo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 

* Price's Handbook on Sanitation 12mo, 

Richards's Conservation by Sanitation Svo, 

Cost of Cleanness 12mo, 

Cost of Food. A Study in Dietaries 12mo, 

Cost of Living as Modified by Sanitary Science 12mo, 

Cost of Shelter 12mo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point Svo, 

* Richey's Plumbers', Steam-fitters', and Tinners' Edition (Building 

Mechanics' Ready Reference Series) 16mo, mor. 

Rideal's Disinfection and the Preservation of Food Svo, 

Soper's Air and Ventilation of Subways 12mo, 

Tumeaure and Russell's Public Water-supplies Svo, 

Venable's Garbage Crematories in America Svo, 

Method and Devices for Bacterial Treatment of Sewage Svo, 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water Svo, 

* Typhoid Fever Large 12mo. 

Value of Pure Water Large 12mo, 

Winslow's Systematic Relationship of the Coccaceae Large 12mo, 

MISCELLANEOUS. 

* Burt's Railway Station Service 12mo, 

* Chapin's How to Enamel 12mo, 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large Svo, 

Ferrel's Popular Treatise on the Winds Svo, 

Fitzgerald's Boston Machinist ISmo, 

* Fritz, Autobiography of John Svo, 

Gannett's Statistical Abstract of the World 24mo, 

Haines's American Railway Management 12mo, 

Hanausek's The Microscopy of Technical Products. (Winton) Svo, 

Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Efficiency Svo, 

Metcalfe's Cost of Manufactures, and the Administration of Workshops.. Svo, 

* Parkhurst's Applied Methods of Scientific Management Svo, 

Putnam's Nautical Charts Svo, 

Ricketts's History of Rensselaer Polytechnic Institute 1S24-1S94. 

Large 12mo, 

* Rotch and Palmer's Charts of the Atmosphere for Aeronauts and Aviators. 

Oblong 4to, 

Rotherham's Emphasised New Testament Large Svo, 

Rust's Ex-Meridian Altitude, Azimuth and Star-finding Tables Svo, 

Standage's Decoration of Wood, Glass, Metal, etc , 12mo, 

Westermaier's Compendium of General Botany. (Schneider) Svo, 

Winslow's Elements of Applied Microscopy 12mo, 
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HEBREW AND CHALDEE TEXT-BOOKS. 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to. half mor. 5 00 

Green's Elementary Hebrew Grammar 12mo, 1 25 
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